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TRANSLATOR’S PREFACE 


The text upon which this translation is based differs only m a 
few minor points from that of Professor Kulpe’s Gmndnss der 
Psychologic as published in 1893. The author has slightly modified 
passages m §§ r 9; 4 6; 21. 2; 62 4, and has added the footnote 
to § 21. 6, besides making some twenty verbal changes in the course 
of the work. Acting upon his suggestion, I have myself partially 
rewritten § 10. 4, to bring the paragraph into agreement with § 36. 4; 
have made slight additions to §§ 25 2 (footnote), 30 5; 35, 4, and 
56, I (footnote), and have introduced a new paragraph, § 27^7, on 
the expenmental methods of the investigation of Memory and Association 
For the form of these additions (which are indicated in the text by 
square brackets) I am responsible. But all of tiiem were expressly 
indicated by Professor Kulpe. 

I have further (i) supplied an index of names; (2) filled in a very 
large number of cross-references, which the author had left in general 
terms; and (3) pnnted m small type the various passages in which 
he describes his own experiments. I hope that all three changes 
will be of assistance to the reader of the book 

The symbolic exposition of the measurement-methods in Part I. 
retains the German form in the translation Many English writers 
on psychophysical questions have employed the Geiman abbreviations , 
there are obvious difficulties in the way of an Enghsh terminology, 
and it is not probable that any proposals which could be made at 
the present time would find geneial acceptance. But, these reasons 
apart, I have thought it best to keep die German symbols as an 
aid to the student in his reading of German monographic literature. 
He may now familiaiise himself with their explanation in the trans- 
lation, or use the Sections in which tliey are discussed as a vocabulary 
of technical terms. 



TRANSLATOR’S PREFACE TO THIRD 
EDITION 


The present edition is based on a careful comparison of the transla- 
tion (1901) with. Professor Kulpe's text I have corrected some mmor 
inaccuracies, and have sought to improve the English rendermg of a 
number of passages. 

It was difficult to brmg the hterary references up to date without too 
great mterference with the stereotyped plates I have, however, found a 
place for ceilam of the more important books and articles of recent years 
For further titles the reader may be referred to the annual bibliographies 
of the Psychological Review and the Zeitschnft f Psychologic, and to Dr 
Rand’s selected hst m vol m pt 11 (1905) of Baldwin’s Dictionary of 
Philosophy and Psychology 

I have attempted a symbolic exposition of the metric methods, m 
Enghsh form, in my Experimental Psychology, 11 , 1905. 

Cornell University, Ithaca, NY 
June, 1908 
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INTRODUCTION. 


'Omiu . 



§ I. Meaning and Problem of Psychology. 

1. The business of all science is the description of facts. In any 
particular desciiption we employ a certain set of symbols, which serves 
us as a means of expression of the facts which we wish to present 
Every science, therefore, constiucts for its own use a system of sym- 
bols, and the universal validity of a scientific description depends m 
pait upon the accuiate and consequent application of this system In 
part only* for it is a matter of experience that the individual fact 
stands in definite relations to othei facts, and that the existence and 
specification of these are necessary to raise it above the level of mere 
personal opinion and belief Indeed, it would not be too much to 
say, that any individual fact can be adequately defined by the 
enumeration of all its relations to other facts And while popular 
thinking is usually content with a very incomplete statement of them, 
it is the task of science to make their description exhaustive So 
ttet the universal validity of a scientific exposition depends in the 
second place upon the piogiess made by the special science towards 
the achievement of this end. 

2 The facts with which science m general, apart horn philosophy, 
has to deal we term facts of experience They are the ultimate and 
original data of our experience they constitute the subject matter of 
reflection, although they are not in themselves reflection Philosophy, 
on the othei hand, has to investigate the description of these facts; 
our reflection upon experience is made the object of a separate inquiry 
Now it is evident that the ideas, passions, etc, which psychologists of 
the most different schools agree in discussing in their treatises, must 
be considered facts of experience. Hence it follows that psychology 
belongs not with the philosophical disciplines, but with the special 
sciences 

3. Our ordinary classifications of the special sciences are based 
upon a number of divergent pnnciples. Thus we distinguish botany 
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from zoology, jurisprudence from philology, by reference* to the subjects 
which they treat. Or we express the degree of completeness, that is, 
the sphere of the validity of a scientific exposition, by the phrases 
descriptive’ and ‘explanatory science’. Or, again, we say that physics 
and chemistry stand to physical and chemical technology as theory to 
practice And we speak further of inductive and deductive sciences, — • 
the former characterized by piogiess from particular to general, the 
latter by that from general to particular. 

Most of these pnnciples of classification may be used to distinguish 
psychology from the other sciences Psychology is inductive, for 
instance, while mathematics is deductive; it stands to pedagogy as 
theory to practice ; it is still in the mam descriptive, as compared with 
the ‘exact’ sciences, which are par excellence explanatory. The only 
principle of delimitation which cannot possibly be employed is that 
of the subject treated. The reason is, that there is no single fact of 
expenence which cannot oe made the subject of psychological inves- 
tigation Now since all the other rubrics specify the form and not 
the matter of the scientfic work which they cover, and since the 
1 elation of psychology to natural science cannot be subsumed to any one 
of them m particular, it is clear that we must look for the distinctive 
character of psychological subject-matter not in the peculiar nature 
of a definite class of expenential facts, but rather in some property 
which attaches to all alike. This property is the dependency of fads of 
expedience upon experiencing individuals 

4. We often express this by saying that psychology is a science of 
‘psychical’ facts, facts of ‘consciousness’, or that the facts of psychol- 
ogy are ‘subjective’. Such phrases are one and all misleading 
Thus we may begin by restricting the term ‘subjective’ to the visual 
image of our own body : in which case everything else that is visible 
in space is objective. Or, going further, we may apply the term 
exclusively to states which cannot by any possibility be objectified, 
and wlijch constitute an altogether peculiar department of psychology, 
such as thought, feelings of pleasantness and unpleasantness, etc In 
either case the object of psychological inquiry is wrongly or inade- 
quately specified. In the same way, the word ‘psychical’ may be 
taken, in the light of certain well-known metaphysical doctrmes, to 
denote a reality, entirely separable as such from the ‘ physical ’* pro- 
cesses, And the term ‘consciousness’ is equally ambiguous it may 
mean simply what is experienced, it may mean our knowledge of that 
experience, or it may mean a state to which mental realities, 
otherwise unconscious, may somehow attain. Wherever in what fol- 
lows we employ these equivocal expressions for the sake of brevity or 
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variety, we mean to indicate by them simply that part or aspect of 
the experiential fact which is dependent upon the experiencing indi- 
vidual 'Subjective’ or 'subjectified’ processes, facts of ' conscious- , 
ness,’ 'psychical’ or 'mental’ states will mean for us no more 
than this; and 'consciousness’ itself, or 'mind’, will in oui 
terminology merely denote the !^um total of all these paiticular phe- 
nomena, We shall nowhere discuss anything like a 'transcendental 
consciousness’, a 'substantial soul’, or an 'immaterial spirit’. 

5. But our definition of psychology as a science of the facts of 
expeiience in their dependency upon experiencing individuals is not 
altogether satisfactory. The term 'individual’ is used in so many 
different senses that it itself requires discussion and definition, ht 
might seem at first sight as if we were speaking of a psychical indi- 
vidual, and understanding by the phrase either a transcendent im- 
material substance (soul or spirit) or a whole number of experiences 
and capacities that are ordinarily subjectified (feeling, attention, imag- 
ination, etc) But we cannot, as a matter of fact, accept either of 
these interpretations On the first no empincal psychology, on the 
second no scientific psychology is possible. — The latter statement requires 
some explanation; the former is self evident 

If psychology is to be scientific, its statements must possess univeisal 
validity, and particularly m the second of the two meanings which we 
attached to this plirase above. Now universal validity can be ob- 
tained only by a very complete description of the relations which hold 
between separate facts, and determine their special character But no 
one would say that a musical chord was adequately defined by the 
stajtement that it was pleasant, or that it had drawn the hearer’s 
attention to itself, or that it had called up the remembrance of a 
certain scene or of a certain composition. And not only are such 
statements imperfect as definitions, but there is no hint, in any of 
the constituents of our innei experience which are named in them, 
of that relation of dependency which we have made the differenUa in 
our definition of psychology as a whole. Idea is not dependent upon 
emotion, nor emotion upon idea ; a change m the one is not necessarily 
followed by a definite change in the other And ideas are not 
dependent solely upon one another; they come and go m our inner 
experience very much at random, their interconnections are for the 
most part not due to mutual influence, but obviously follow a law 
imposed upon them from without Again, though the attention is 
frequently mentioned as one of the conditions of a subjective (psychi- 
cal) process, we must remember, in the first place that it is only one 
condition out of many, and secondly that the use of the term, whose 
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brevity and intelligibility render it a convenient mode'' of description, 
does not exclude the holding of diametrically opposite views as to 
the real nature of the phenomenon indicated And finally it may be 
urged, that the objects of psychological mquiiy would never present 
the advantages of measurability and uneqmvocalness, possessed in so 
high a degree by the objects investigated by natural science, if they 
could be brought into relation only with the psychical individual 
6. These brief remarks must suffice for the piesent to justify our 
rejection of the most obvious interpretation of the ' individuaF m our defi- 
nition What we mean by the word will, of course, be shown in detail 
as the book progi esses. But it is plain, even now, that the dependency 
of which we are thinking is a dependency upon the corporeal individ- 
ual. No one has ever disputed its existence, except metaphysicians 
of a certain school but the range of its vahdity has become mani- 
fest only as physiology and psychology have advanced We know 
now that the bodily processes which stand in a diiect functional relation 
to our expeiiential facts take place in man exclusively in the brain, — 
probably in the cerebral cortex It is assumed that this dependency 
IS always present, although m many cases its existence is merely 
hypothetical. At the same time, vve are prevented fiom regarding the 
relation as temporally determined, that is, as causal, by two reasons 
the facts do not require any such theory for their explanation, ' and 
the physical law of the conservation of energy appears to contiadict 
it. Psychologists to-day are, therefore, accustomed to speak of a 
parallelism of psychical and cerebral processes * z <? , the two are 
regarded as concomitant phenomena so related that any change upon 
the one side manifests itself m a corresponding change upon the otlfei 
This regulative principle is based upon experience, and we may expect 
that it will receive further confinnation from experience in the future 
Whether in its metaphysical setting it be interpreted as a principle of" 
the interaction of two substances (Dualism), or be thought to express 
the two aspects of the activity of a single being (Monism), — whether 
it be regarded as spiritualistic or materialistic, is scientifically indiffer- 
ent So that we, who represent an empirical psychology, may rightly 
dispense with any discussion of these possibilities 

7 But a dependency upon experiencing individuals may seem to 
imperil the universal vahdity of psychology and to increase the diffi- 
culty of the discovery of facts However, individual diffeunces are 
always confronting us, and are important not only for the psychologist, 
but also for the zoologist and anthropologist They do not constitute 
any danger to science, except in cases where it cannot transcend the 
particular descnption of an isolated fact. Wherever they can be 
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explained by*' kn adequate specification of conditions, they can be 
leadily subbiiraed to general rules Anatomy and physiology are not 
hampered in ' the solution of their problems by the numberless indi- 
vidual diffeiences in muscular structure, m nervous excitability, in the 
circulation of the blood. And in the same way, the fact of personal 
tlilTerences in regard to the subjectified facts of experience does not 
present any insupeiable difficulty to psychology 

The second objection is more serious What a man experiences 
himself, he rates as fact without any description, but he can never 
obtain more thaii indirect access to the experiences of others. The 
psychologibl can acquiic knowledge of his neighbour’s expeiiences only 
by the aid of symbols, such as we have spoken of above; and the 
value of his results depends upon the coirect use of these symbols on 
the one side, and the correct interpretation of them on the other It 
is not given to eveiy one either to use or to interpret correctly, and 
it follows that the right psychological disposition and special practice 
are indispensable both for observer and observed. The more difficult 
the symbols to interpret, the more equivocal the result think how 
hard it is to understand the gestures of a person speaking a foreign 
language, be their meaning never so simple* Such an illustration 
shows us how much hope there is of a psychology of the lower 
animals, — of the protozoa Nevertheless, this difficulty m the ascertain- 
ment of facts IS not in itself an absolute pieventive of scientific know- 
ledge Language may, to a certain extent, be chocked by experiment ; 
and, as a generally intelligible means of expression of the similar ex- 
periences of different individuals, forms an extieraely valuable aid to 
psychological inquiry 

8. It is plain from what has been said that the problem of psychology 
is a very definite one it is the adequate description of those properties 
of the data of expenence which are dependent upon expeiiencing 
individuals. The experiences to be examined include not only states 
which are altogether individual and which have no objective reference, 
such as emotions, impulses, and the like, but also facts which are, 
under certain aspects, independent of the individual, and which may 
consequently form the subject-matter of a natural science, such as the 
objects of our ideas, with their temporal and spatial relations ‘Sensible 
qualities’ are regarded by the scientist as subjective processes, and 
their description relegated to psychology But the temporal and spatial 
properties and relations ot sensible objects are also matters of subjective 
expenence and estimation, we compare distances and diiections, 
movements and velocities, and contrast apparent magnitude and appaient 
duration with the real, — with magnitudes and durations objectively 
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measured. So that while (i) all these phenomena must be depicted 
m detail, that we may see what propeity of our expeiiences it precisely 
is which mdicates their dependency upon the corporeity of the 
experiencing subject, (2) the dependency itself must also be made the 
object of careful investigation 

9. The psychologist understands by a theory precisely what is meant 
by the term in natural science the specification of the conditions of 
the appearance of a given phenomenon A theory of psychical 
processes, in this sense, may be attempted in two different ways. (1) 
We may resolve the more complex phenomena into their elements, 
and trace the laws which govern the formation of the compound 
from the simple. The procediiie here is similar to the qualitative 
and quantitative analysis of chemical method It is especially useful 
in cases where psychology comes into connection with cognate and, 
in a certain sense, suboidmate disciplines; e,g ^ in the ethical and 
sesthetic judgments, (11) But psychological theory may also consist in 
the pioof of the dependency of mental phenomena upon certain bodily 
processes Now this proof is peculiarly difficult. In the first place 
we have no means of examining directly the interrelations of the two 
sets of facts, the psychical processes and the central nervous excitations, 
during then comse It has sometimes been possible, after the removal 
by operation of a part of the skull, to note the parallelism of mass- 
movements of the biam and the appearance of sense-impressions, 
emotions, etc But the value of such observations cannot be very 
great, as long as the determination and definite variation of the 
particular ceiebial processes corresponding to particular mental acts 
remain impossible And secondly the physiology of the central nervous 
system has not as yet been able to formulate the mechanism of cerebral 
activity in physical and chemical terms We know nothing of the 
real nature of nervous excitation The only thing done so far is the 
demonstiation of areas of localisation in the cerebral cortex, that is, 
the demarcation of spheres, within which the nervous processes that 
run parallel to definite subjectified expenences take place. 

lo. It follows from this that we are not at present in a position 
to give a complete theory of psychical processes in the strict sense 
of the word. But we have two means of anticipating or indicating 
the complete theory, without having recouise to dubious or premature 
hypothesis (i) We may discover a relation between experiences and 
certain bodily processes which stand in a causal connection with the 
unknown excitations m the cerebral coitex and admit of detailed 
examination. Psychology investigates in this way the dependency of 
sensation upon stimulus, and that of voluntary and involuntary move- 
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ments upon *,■^11 aod feeling We may not, of course, argue from 
the jelatioiis of these widely remote links in a chain of causation to 
the relation between the parallel processes. But at least we are able 
to pave the way m some sense for the theory proper, and that is no 
small advantage. ( 2 ) The other mode of procedure is rather mdica- 
^ive than anticipatory. It consists m the introduction of general 
concepts for mental stp.tes or capacities, — memory, imagination, men- 
tal disposition, etc., — concepts which indicate our ignorance of their 
actual conditions. These expressions were formerly employed on the 
analogy of the concept of force in modem natural science, to desig- 
nate purely psychical dispositions or faculties, to whose existence or 
activity a particular expenence might be referred. At the present 
day they serve simply as brief and intelligible expressions for the 
unknown conditions of certain peculiarities presented by single expe- 
riences or complexes of experiences When we come to deal with 
sensations, for instance, we shall mention piactice as one of the factors 
influencing their discnmmability. We shall not mean by ‘practice^ a 
special psychical capacity, or even a new mental act, but merely a 
number of processes, not very exactly known, whose effect is to facil- 
itate an operation which has been frequently repeated. And, as we 
shall see later, the same holds m a certain sense of attention 

II. We shall not deal in this book with animal psychology or with 
social psychology. Our material for the former would to-day be both 
scanty and unreliable, though we cannot doubt that there will anse 
in the future an independent science of zoopsychology, to which the 
psychology of man will bear the same relation as is borne by human 
physiology to the physiology of animals and plants. Social psychology 
treats of the mental phenomena dependent upon a community of 
individuals : it is already a special department of study, if not a fully 
developed science. But it is not difficult to see that the psychology 
of the individual man, as we must in strictness term our own psy- 
chology, forms the foundation both of animal and of social psychol- 
ogy It must precede the former, because nothing but an accurate 
knowledge of the relations between the processes of consciousness and 
expressive movements in man can give us any solid basis for anal- 
ogical inferences from movements to psychical states m animals and 
It inust precede the latter, because the mental processes dependent 
upon communities of men are reahzed only m individuals and expressed 
only by mdividuals We might, therefore, also term our own psychology 
ganeyal psychology. 
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§ 2. Methods and Aids of Psychology. 

1. The methods which psychology follows in the examination of 
its subject-matter are of two kinds, direct and indirect. Direct methods 
are applicable wherever an immediate apprehension and description, 
of the facts examined are possible. If we are investigating our own 
sensations of colour, for instance, we employ a direct method by 
immediately expen encing them and directly observmg their details 
Indirect methods are used, on the other hand, wherever it is necessary 
to infer the facts about which we wish to know from some group 
of symbols w^hich represents them. Thus we follow an indirect method 
when we appeal to memory or communication by language to give 
us knowledge of particular expeiiences. It is evident that the direct 
methods are greatly to be preferred to the indirect. At the same 
time, psychology cannot dispense with the indirect, without reducing 
itself to the nothingness of a purely individual science. Whenever 
we attempt to study the mental processes of our fellow men, we are 
compelled to proceed by indirect methods. 

2. Each kind of method can be applied both objectively and purely 
subjectively, since each can be used by outside inquirers as well as 
by the expenencing individual alone. If we term the immediate 
apprehension and description of mental processes ‘inner perception’ 
'or introspection’, the subjective form of the direct method may be 

named the introspective method Its objective form will be the experi- 
mental method^ since its objectivity depends upon the employment of 
experunent The indirect method may be similarly divided into a 
memorial method, which is subjective, and a linguistic method, which 
is objective. The two objective methods can never be applied apart 
from the corresponding subjective methods, though the converse 
procedure is qmte possible. Experiment without introspection is no 
more than a plaything borrowed from physics, and language without 
memory is but a sound without sense. Language checks, strengthens, 
and fixes memory, just as experiment increases the reliability and 
generalises the sigmficance of introspection — We must look at the 
nature and range of these methods somewhat carefully. 

L Direct Methods. 

3. {a) The introspective method is the simplest and most obvious of 

all. It IS common to science and to the ordinary self-observation of 
practical hfe But introspection can be made a useful psychological 
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aaethod onlyvjf, it is employed under special and favourable conditions, 
(i) Foremost among these is the state of aitenHon» We understand 
here by this, term that condition of mental piocesses m which they 
possess a peculiar vividness, duration, distinctness, associabihty, and 
reproductivity. Its importance m the examination of mental phe- 
^nomena by the introspective method, then, needs no proof. We must 
only be careful to insure the direction of the attention upon these 
phenomena, and not upon their introspection, as otherwise the aim 
of the method is hustrated, or at least seiiously diverted. The 
intentional self- observation recommended in various psychologies comes 
perilously near to such a distortion of method. It is really simply 
a question of ‘attentively expeiiencing’ a mental process. We may 
note the advantage acciumg to the method from the fact that the 
attention can be concentrated exclusively or at least preponderantly 
upon particulai sides and aspects of an experience, and so bring them 
mto higher relief (2) The other condition of methodically conducted 
introspection is impartiality as regards the facts Even in natural 
science the investigator is apt to see what he desires to see ; and this 
tendency is far greater and far more dangerous when the processes 
observed are subjective If we approach the examination of conscious- 
ness with more or less definite expectations of what we shall find, 
whether these are theoietical or based upon a preliminary induction, 
we may depart very widely from actual fact The only preventive, 
apart from a checking of introspection by experiment, is an extremely 
caieful self-observation 

4.- Introspection or attentive expciience becomes scientifically valu- 
alilc only when a description of its contents has been given It is, 
therefore, necessary — we shall discuss the point more m detail when 
we come to deal with the linguistic method — that a system of intelli- 
gible and delicate symbols be built up, to meet this requirement of 
description as adequately as possible And here again we obtain most 
assistance from a right direction and concentration of the attention 
We have seen that in the condition of attention the various consaous 
phenomena are readily associable and easily reproduceable; and it 
clearly follows that the linguistic symbols, visual or auditory, which 
constitute a descnption, will be called up with especial facility and 
completeness by mental processes attentively experienced But it is 
also deal that we are here, too, running a peculiar risk,*— the risk 
of substituting for the facts cut-and-dried linguistic formulae, which as 
it were offer themselves for reproduction when the facts are presented. 
The desciiption of an impartial observer must be altogether determined 
by his experiences. And it is a serious diawback to the introspective 
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method that it is not a trustworthy guide to this goal/ Try as he 
willj it IS haidly possible for the observer to nullify all the subjective 
tendencies which hinder his total self-surrender to the facts To which 
we must add the further objections, that introspection is unable of 
itself to erect a theory of psychical processes, and that its results are 
apt to appear fortuitous and disconnected Nevertheless, the method, 
forms the basis of all the others, and is at the present day in many 
cases the only one which is directly applicable 

5. {b) The expen 7 nental method — Experiment can no more take the 
place of introspection in psychology than it can that of observation m 
physics. It is only able, as it is only intended, to supplement the 
piicvious method, by filling up the gaps which remain when introspection 
is employed alone, by checking its descriptions, and by making it 
geneially more reliable The method is qualified for this task by six 
peculiar advantages, (i) It renders possible a ffequent tepeiiHon of 
the process which is to be described Psychical states are so transient 
and so complicated that a number of observations of the same phe- 
nomenon IS the prerequisite of any exact analysis. The 'ciescription 
becomes with repetition concrete and assured. One of the reasons 
for the stagnation of the older psychology was its over-hasty general- 
isation of observations based simply upon introspection, memory, and 
report. So that experiment helps us to ascertain what the facts of 
mind really are. {2) Experimental appliances enable us to vary par- 
ticular constituents of the process under exammation separately With- 
out this vaiiation of details it is impossible to show the significance 
of the smgle factors and phases of a psychical event, and to establish 
their uniformities It is our only means, for example, of informing 
ourselves about the temporal and spatial constituents of a perception, 
as distinct from its quality or intensity And it is this property of 
experiment which the natural sciences have availed themselves of with 
such brilliant success Here also, then, experiment goes deeper and 
extends further than introspection, with its liability to mistake, is able 
to do. Our knowledge of the facts is considerably enlarged, and the 
first steps are taken towaid their theoretical explanation 
6 (3) The ends of theory can be most effectively subserved by 

the discovery of relahons of depe?ide?icy between stimuli and the psychi- 
cal processes which they evoke, or between subjective phenomena'and 
the bodily movements which they occasion Stimuli stand in causal 
connection with nervous excitations, up to and including the central 
processes, and the bodily movements which we see are the result of' 
central innervations. We thus obtain functional relations between 
remote Imks in the chain, which may be ejqiressed m the form of 
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laws, although ’ they aie not always simple and unequivocal. (4) And 
this, leads us to another advantage of the experimental method. If 
we can proVe these lelations of dependency between subjective and 
objective processes, the latter will furnish us with a measure,— 3 , 
permanent and reproduceable expression, — of the psychical The 
•value of such a measuie becomes manifest as soon as ever we institute 
a comparison with the older psychology* whose statements were 
either so general that they covered all degrees of individual variation, 
or made no claim at all to universal validity. If we find to-day, by 
the experimental method, any divergence in the relations between 
objective phenomena and the subjective reaction of particular persons, 
we know where to look for the reason of the iiregularity, and can 
refer the individual differences to their conditions, and thus bring 
them within the domam of science In other words, the universal 
validity of psychological results is guaranteed by the measurability of 
mental phenomena, and measurability is assured by the expenmental 
method, 

7 (5) Experiment, again, supplies us with a means of secunng the 
most favourable dtsposiiton of the experiencing individual. We have 
already mentioned attention and impartiality as the conditions of all 
useful intiospection. But introspection itself did not provide us with 
means for the fulfilment of these conditions, or for the estimation of 
their better or worse realisation m a given case. On the other hand, 
it IS perfectly easy to arrange an experiment in such a way that the 
observer remains wholly in the dark with regard to the value or 
correctness of his reports, and therefore has nothing but his expeiience 
rely upon, while he is beyond the reach of mfluence by definite 
expectation of desired results And it is equally easy to show, by the 
help of suitable experiments, what alteration in result is produced by 
such expectation, or in general by any predisposition of the observer. 
Moreover, a numencal comparison of the sepaiate reports furnishes 
us with a quantitative determination of errors or influences, whose 
operation had escaped the observer’s notice. So that the advantage 
of the experimental method here is, that it aids us, as it were, to 
force that disposition in the observer which is most favourable for our 
purpose, and acquaints us with all the influences and variations to 
which it is liable, This is sufficient to prove the injustice of a reproach 
often made to the experimental method, — the reproach that it posits 
an abnonnal attitude, an unnatuial mood, on the part of the observer. 
For, in the first place, the method gives us our only safe cnterion 
of normal and abnormal; while, secondly, there is not the shadow of 
a reason for thus roundly terming the circumstances favourable for an 
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observation "abnormal’ (6) Lastly, experiment has brought about a 
community of psychological work such as was previously impossible 
This advantage has come with the observation of facts Under rigidly 
definite conditions which can be reproduced by any and every 
mvestigator. Each psychologist can now enter into the methods and 
results of his colleagues, confirming or correctmg; and so the stream- 
of scientific knowledge flows steadily on. We shall soon give up 
speaking of ‘■the psychology’ of this or that author as an individual 
system, and shall talk only of ‘psychology’ as a science resting on 
firm foundations, whose superstructure is so planned that the new fits 
m easily and harmoniously with what is already established 

Of the range of the experimental method in psychology we can 
say nothing more definite than that it is applicable in all cases wheie 
psychical piocesses stand in uniform relation to external bodily processes 
Such a relation obtains, of course, not only between sensations and 
the stimuli which occasion them, but also between feeling and will 
and the movements of limb or feature, or the changes of ciiculation 
and respiration, which they produce; although the latter dependency 
has not as yet been so elaborately and successfully examined and 
formulated as has the former. But more than this * we have a number 
of ingenious devices for the experimental investigation of the connections 
of mental processes with one another. So that in principle there is 
no topic of psychological inquiiy which cannot be approached by the 
experimental method. And expeiimental psychology is, therefore, 
fully withm its rights when it claims to be the general psychology of 
which we propose to treat (§ i. ii) If we compare the scanty 
harvest of facts reaped before the application of experiment in all th 5 
fields now open to experimental inquiry with the rich and steadily 
increasing store of laws and observations garnered since the experimental 
method has been followed, we cannot but look forward with hopeful 
anticipations to the time when the advantages of tins most potent 
instrument shall be secured to every department of empirical psychology. 

II. Indirect Methods. 

9. [a) The memonal method is one of very frequent application in 
psychology, owmg to the transitoriness of psychical phenomena 'By 
‘memory’ 'we understand here not a group of reproduced ideas or 
other mental processes, not, that is, the return to life of previous 
experiences, but a descnption 01 awareness of earlier experiences based 
upon certain ^ present mental states. The ^conscious processes now 
present obviously serve as mere symbols of other processes previously 
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present. Fo¥ instance, our memory of a considerable period of time 
does not enable us to reproduce that time with even approximate 
accuracy: we rather infer the length of the interval fiom the nature 
of the conscious processes now involved in our memory of it. In the 
same way, when we compare the intensity of a loud noise which we 
•have just heard with that of another similar noise heard before, there 
IS no recurrence of the latter in its original strength; we know how 
loud it was by certain indications affoided by the memory. — We are 
at present interested in memory, then, not as a psychological process, 
but as a means to the ascertainment of psychological processes 
lo The utility of the memorial method depends upon the reliability 
of the symbols from which we have to infer the various kinds of 
mental occurrences. It is hardly possible to give general rules for its 
use. Attentzon and tmpartiahiy are as necessary to a right conclusion 
here as they were in introspection. Concentration of the attention 
cements the union between symbol and symbolized at its inception, 
and keeps it firm and definite afterwards. And if introspection may 
be invalidated by the influence of extraneous suggestions, the danger 
IS very much greater with memory, where the application of any direct 
check is usually impossible Secondly, the choice of appropriate symbols 
IS important To a certain extent this is dependent upon the individual 
Attention to it enables us to formulate a true memorial method^ service- 
able for psychological ends. For it is plain that our knowledge of 
previous experiences may be built up from the most various indications 
Now it is the business of the psychologist to discover the significance 
of all these, and to estimate the value of results obtamable from the 
'employment of any one in particular. The matter is one of especial 
importance when we are comparing successive conscious processes, 
since in such cases the experimental method must be combined with 
the memorial. Thus, we overestimate in memory sounds which are 
^terrifically’ loud, and underestimate weights which are 'surprisingly ' 
small. Clearly, to ensure uniformity of experimental conditions, these 
sources of error must be as far as possible eliminated — But when all 
IS said, the memorial method remains purely subjective, and consequently 
veiy defective It can be raised to scientific importance only by the 
employment of a system of intelligible and familiar symbols. Language 
furnishes the system required. So that it is only as related to language 
that memory becomes an objective psychological method, valid beyond 
the narrow limits of individual experience, 

II. (^) The lingikstic method. — Of all the symbols which have been 
employed in the service of description, those of language are the most 
widely diffused and the most highly valued There are three principal 
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reasons for this exceptional position of language: (i) its Sexibility and 
wealth of distinctions; (2) its constancy and accuracy; and (3) -the 
ease and rapidity of communication through its channel The advantages 
offered by it are naturally only lelative we may equally well regard 
these three rubrics as covering three distinct problems, which must be 
solved in the correct use of words. 

(i) By the flexthhty of language we mean its adaptability to the 
description of the most diverse facts, and its adequacy to the finest 
distinctions which they present It is to be noted in this connection 
that new symbols or new combinations of the old can very readily 
be added to our cunent stock of words and phrases We need hardly 
spend time upon the discussion of the advantage of this property of 
language for the psychologist the fidelity and completeness of his 
depiction is evidently in very laige measure dependent upon it. But 
just because it is so important we must insist that he makes exceed- 
ingly careful use of it The experimenting psychologist in particular 
should have this brought home to him, — so that his description of 
results may be as detailed and comprehensive as possible ,We 
may lay it down as a general rule that the larger his psychological 
vocabulary, the more extensive his psychological knowledge, the better 
equipped is he for his task Individuals who are entirely unversed 
in the expression of experience in language can be used in but few 
psychological investigations, and those of minor importance — The 
flexibility of language is essentially due to its dependency upon the 
will of the individual. The movements which subserve speaking and 
writing may be directed and varied at will Their form and contents 
will, therefore, be regulated by the needs of the moment, for the'’ 
most adequate expression of the facts which they are to descnbe. 
Nevertheless, there is one difficulty that we cannot hope entirely to 
overcome even by the most accurate use of our symbols we cannot 
do complete justice to the continuity of the inner experience and its 
changes Language is discrete This is one reason why it is necessary, 
in psychological experiments, to collect a large number of judgments 
or reports. 

12. (2) By the constancy of language we mean its indep^dence of 
time. Of the subjective memorial method we may say in general that its 
trustworthiness is mversely proportional to the length of time which 
has elapsed between the occurrence of the oiiginal conscious states 
and that of the present processes which constitute our memory of them. 
The linguistic method is exempt from this variability, both symbol 
and meaning of symbol can be stereotyped. And this constancy 
secures the accuracy of language, an exact correspondence between the 
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symbol and tBie symbolized. We are all familiar with the advantages 
accruing to scientific description from the use of definitions Logical 
rules ensme the permanence of these, — while dictionaries and ency- 
clopaedias protect the meanings of particular symbols from oblivion. 

The guarantee of these methodological advantages is afforded by 
the constancy of the written character So that the best way of preserving 
introspective and memorial contents is to reproduce them in the visual 
figures which everyone uses and undeistands 

(3) The easy and rapid commiimc ability of linguistic symbols is an 
advantage which we owe to the practical needs of human intercourse. 
Mental processes are quick to disappear and quick to change, and the 
account must keep pace with the facts. Besides which, our constant 
practice in the use of linguistic symbols gives us a kind of automatic 
accuracy in the right puttmg-together of words, while our attention 
remains directed with practical exclusiveness upon the expenences. 
We frequently increase this facility of expression still further, by 
agreeing to use simple or abbreviated symbols for certain classes of 
judgment: but it is to the interest of psychology to see that this 
procedure does not reduce the record of results to a mere schema, 
as it easily may For, (1) the withdrawal of the attention from the 
record may lead to its partial withdrawal from the experience, and 
ennui is a fertile source of error. And (11) it is inevitable that the 
conscious phenomena present be more complex than the processes 
which we are especially studying, — that they contain more than it is 
our primary intention to report upon But we may lequire of the 
piofessional psychologist that he devote a certain interest to these 
secondary phenomena, and note them in his written record Simple 
expenments upon just noticeable stimulus-differences, for instance, 
give us many valuable hints with regard to the association of ideas, 
the psychological basis of the judgment of comparison, etc Looked 
at from this point of view, the simplest experiments become attractive 
to the student and fruitful for the science. 

All these methods, the direct and the indirect, the subjective and 
the objective, can be best employed in combination, each serving to 
supplement and check the others. Their individual importance and 
uses we shall disrnss in gi eater detail later on The experimental 
method has had au especially rapid growth, and is now differentiated 
into a whole number of separate sub-methods. 

13 We are able m certain cases to supplement the knowledge 
derived from the four psychological methods, — the introspective, 
memorial, linguistic, and experimental, — by assistance from without. 
Pathological changes in the mental constitution, the facts of mental 
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development, and the products of the vaiious mental activities, all 
furnish some aid to the psychological inqmier It need hardly be 
emphasized that this assistance is never more than secondary. For 
the beginnings and foundation of our knowledge of the facts and 
relations of consciousness we must always have recourse to the four 
methods, and in particular to a trained and adequately checked 
introspection. It is but very rarely either necessaiy or practicable to 
obtain from any of the three secondary sources mfoimation which we 
could not have acquired in a more direct way 

(i) Mental pathology is the most valuable of the extraneous aids 
Just as current views of the physiological functions of certain portions 
of the brain and groups of nerve fibres are based upon pathological 
cases, in which the abrogation of special functions is coi related with 
the degeneration of special nervous areas, so our psychological analysis 
of complicated psychical processes and even more our knowledge of 
their dependency upon particular bodily organs or processes are 
mateiially fmthered by the existence of certain diseases. When we 
move our arm, for example, We can judge fairly accuiately, within 
certain limits, of the direction of the movement and of the altered 
position of the limb, even if our eyes are closed What sensations 
constitute the psychological basis of these judgments? Cutaneous, 
muscular, tendinous and articular sensations are all involved in the 
aim-movement, and there is nothing in the nature of things to give 
any one set a preference over the others. Pathological cases have 
answered the question for us, by showing that abrogation of the 
cutaneous sensations is not followed by any considerable impairment 
of the judgments of position and duection And pathological pheiion 5 - 
ena of this kind are useful to the psychologist wheiever he is precluded 
from effecting a normal vanation of the separate constituents of a 
psychical complex, and wherever he is investigating the dependency 
of conscious processes upon the more centrally situated nervous 
excitations. The various derangements of speech have gTOn us inval- 
uable assistance in the determination of dependency-relations; and a 
case of deaf-mute-blmdness, hke that of Laura Biidgman, may be 
termed an experiment from the hand of nature herself The great 
importance of such pathological observations is plainly due to the 
fact that they enable us to distinguish operative factors from inoperative, 
or to compare mental defects with the anatoxmeal abnormalities revealed 
by autopsy. 

14. But it IS useless to examine pathological states whose conditions 
and symptoms are not so clear and unmistakable, m the hope of 
reaching any definite result* The best illustration is, perhaps, afforded 
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by recent experiments in hypnotism. Hypnotism has been strongly 
recommended of late to the notice of psychologists. But apart from 
the danger to the subject which comes with repeated hypnotisation, 
however careful the method of induction, very many of the experi- 
mental results are rendered precanous by the scantiness of our know- 
ledge of the state of consciousness in hypnosis It would be foolish 
to deny that a good deal of interesting information has been gained by 
the help of intra -hypnotic and post-hypnotic suggestion; but it is 
almost entirely information with regard to curious powers and perform- 
ances, such as would normally be found in but a few individual 
cases. — In the same way, we shall rarely have occasion to refer to 
other artificially induced alterations of the normal consciousness, the 
mental result of indulgence in narcotics, etc It may be confidently 
asserted of these and similar conditions, that they are rather them- 
selves problems demanding explanation, than the source of any inci eased 
knowledge of general psychology. The same holds of what are 
called ‘mental diseases’. It seems more likely, as things are, that 
general psychology may be able to throw some light upon their rise, 
development, and causes, than that their study will afford any material 
aid to the student of psychology The insane are usually incapable 
of introspection in the scientific sense. 

15. (2) Assistance may be gained, further, from the study of 

psychogenests. We understand in the first instance by this term the 
science which deals with the development of psychical phenomena m 
the human individual It can undoubtedly teach us something of the 
origin of particular mental processes, we need mention only the origin 
df language, the development of memory, the formation of associa- 
tions. But here, again, we are met by the difficulty that there is no 
guarantee of trustworthy and properly diiected introspection. This 
makes inquiry into the psychology of childhood as uncertain as is 
the psychological study of animals And it will hardly be maintained 
that important contributions to any question of general psychology 
have resulted from such inquiry Nevertheless, it forms an indispens- 
able supplement to our knowledge of the developed consciousness. 

(3) Psychology gains least of all from the consideration of mental 
productions. Art, law, and language must primarily be regarded as 
subjects amenable to psychological interpretation and treatment, and 
only secondarily as matter for the illustration of certain mental con. 
nections or relations. We may perhaps find m the arrangement of 
linguistic forms and phrases rules which hold for the association of 
ideas in thinking Or the artistic employment of the special senses 
and the reproductive ne^echanism may help us to express the uniform- 
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ities of relation which obtain for the association of sensations with 
one another and with feelings But no one of these mental pioducts is 
either wholly dependent upon psychological factors, .or unequivo- 
cally referable to a particular psychical interconnection. And we must, 
accordingly, be circumspect both in accepting and applying information 
derived from them. 

In tins eDunaeration of external aids, we have made no mention of physics or 
physiology The assistance which these sciences render to psychology is rather in- 
direct than diiect, — assistance in the obtaining of psychological material. (4) We 
must have physical knowledge and apparatus if we are to mstitute psychological 
experiments, and any advance in our undei standing of the physical or chemical 
conditions of sense perceptions is of value for their psychological investigation; 
but the results of physics are not contributions to psychology. (5) It is a little 
different with physiology The physiology of the sense-organs generally treats of 
sensations and perceptions, and the physiology of the central organs, of mental 
functions And so we often find physiologists regarding psychology as merely a 
department of physiology This view is based upon an epistemological error. 
Physiology does not deal with experiences m their dependency upon the individu- 
als who experience them, but with vital phenomena which manifest themselves to 
our perception and which are dependent upon one another and upon their envi- 
ronment. But the psychical processes which accompany certain of these are valuable 
to the physiologist as mdications of the presence of bodily functions. They are, 
therefore, not the strict object of his inqmry, but directions with regard to tliat 
object. There accordingly exists a very close relation between psychology and 
a certain portion of physiology ; and similar tendencies and observations are appa- 
rently to be found m both. But a closer examination leaves no room for doubt 
that the ultimate aim and end of the two sciences are altogether different. Never- 
theless, in the interest of psychological progress, it is desirable that, while the 
fundamental sepaiateness of their spheies is recognised, there may still be m tlfe 
future as much physiological research that can be turned to psychological ac- 
count, as there has been in the past The small number of psychological labora- 
tones renders this neighbourly assistance doubly welcome. 

§ 3. Classification and Literature of Psychology. 

I. It has been customary ever since the days of Aristotle to 
classify the subject matter of psychology by grouping various psychical 
processes together, as those, e of knowing, feelmg, and willing. 
Now the particular processes belonging to these different groups are 
introspectively all upon the same plane. It follows, therefore, that the 
principle of classification was not derived from psychological investiga- 
tion in the strict sense, but was borrowed from certain familiar results 
of mental activity or modes of expression of mental attitude: the 
)inowledge which the paind has acquired by the aid of sensp and 
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understanding, the action which it executes under the stimulus of 
desire or iesolve, etc. The classification itself is deficient for two 
reasons : the point of view is not consistent throughout, and the same 
psychical contents may subserve or belong to one mental product as 
well as another If we wish to avoid these mistakes, we must (i) first 
of all subject the whole of conscious content to an exact analysis, and 
determine the ultimate elements of which it is composed. (2) We 
must then find a means of arranging these psychologically equivalent 
elements in a series, — and this we can do, with the view which we 
hold of psychology, only by discriminating between the relations in 
which they stand to bodily processes (3) That accomplished, we 
shall be able to classify the complex processes, by distinguishing the 
modes of interconnection of the elements in consciousness (4) And, 
lastly, we may make the state of consciousness itself — as present- 
ing differences of a geneial charactei, cognisable by introspection, 
independently of the contents of the experience of the moment — the 
object of a special inquiry. It will be noticed that these four rubrics 
have a strictly psychological significance; 2.^., that they are directions 
either for the analysis of the subjective, or for its reference to the 
physical individual 

2. The simplicity which constitutes a psychical state an ultimate 
element of consciousness is not, as m physics, a spatial indivisibility, 
but merely a simplicity of quality or contents. The simplest mental 
processes, therefore, are not comparable to physical atoms. The only 
analogous elements in natural science are those of chemistry. Just as 
it makes no difference to the nature of a chemical element whether 
- its molecules are a hundred or a thousand, so it is indifferent to a 
conscious quality how great an extension — to take the first illustration 
that comes — we predicate of it And just as the chemical element 
, IS a ceitain substance that resists further analysis, so are the simple 
contents of psychology experiences m which no parts are further 
distingnishable. Our instiument of psychological analysis is introspec- 
tion, alone or assisted by expeiiment If a given content which we 
call ^gray’ shows no noticeable differences of shade, if its tone is 
entirely unifoim, we term it a simple conscious content. It follows 
that a compound psychical state can be distinguished from a simple 
process only by our abihty to perceive in it a number of separate 
simple states A chord, for instance, a compound clang containing a 
number of simple tones, is a compound conscious state. Following 
Wundt*s example, we shall make this difference the main principle of 
our psychological classification Psychology will then fall into two 
main parts : the first treating of the conscious ekments, and the second 
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of the connection of the elements. The number of chemical elements 
is very small, and efforts are natuially made to reduce it as far as 
possible, — if it may be, to one The number of qualitatively distin- 
guishable conscious states, on the other hand, is very laige, and there 
IS no reason for supposing that it can be diminished. The keener 
our psychological analysis, the more elements it finds to observe 
Finally, certain peculiarities of state oi attitude may be predicated 
of consciousness as a whole These may be observed alike in simple 
and complex contents, and may, therefoie, pioperly be made the 
object of a special investigation. A third part of psychology will 
accoidingly be concerned with the state of consciousness The 
principal subject of discussion in this part will be the state familiar 
to us as attention. 

3. Any further classification of the simple conscious processes themselves 
must be based, as we have said, upon characteiistic differences among 
the relations of dependency in which they stand to bodily processes. 
Applying this piinciple, we can distinguish two kinds of elementary 
psychical contents (i) The first class is characterised by the depend- 
ency of the qualities which compose it upon the excitation of quite 
definite peripheral (and probably central) nervous oigans. These 
elemenlaiy conscious contents we name sensations. The term ‘sensa- 
tion therefore, does not denote a general mental capacity of reaction 
upon external impiessions, — does not point to something above and 
beyond the separate experienced qualities, distinguishable from them 
as a particulai conscious attitude, or what not,— but is simply the 
abstract generic name for a number of concrete elements which have 
the specific character just mentioned. The simple content of a given'" 
‘gray’, that is, would be a sensation, since we know that its appear- 
ance depends upon an excitation of the retina and of various central 
organs lying between the eye and the visual centre in the cerebral- 
cortex. (2) The second class is characterised by the absence of any 
determinable dependency of the qualities composing it upon particular 
external bodily oigans.— of their relation to central organs we can -at 
piesent say nothing definitely These qualities we term feelings. For 
instance, the pleasure which we take in a pure tone, not too loudly 
struck, or the pleasuie which we derive from a saturated colour, is a 
feeling; its particular quality being determined neither by the sense- 
organ nor by the specific excitations underlying the colour or the tone 

4. On the other hand, any fuither classification within the second 
part of psychology must be based, for the present at least, upon the 
‘ results obtained by introspection. We should suppose a priori that 
the mode of interconnection of simple contents would not always be 
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the same And we can, as a matter of fact, distinguish two pnncipal 
modes* fusion and colligation. The foimer is a more close and inti- 
mate connection than the lattei Fusion occurs when the connecting 
qualities are thrust more or less into the background by the total 
impression which results from their connection, — when, that is, all 
or sundry of them lose in distinctness by combination. The total 
impression itself may be, as it were, the resultant of a balance of 
qualities, or may be dominated by one or more preponderant ele- 
ments. A simultaneous connection of tones may stand as a typical 
example of fusion Colligation occurs, on the other hand, when the 
cognisability of the separate qualities is either unaffected by combina- 
tion, so that they retain their origmal independence, or is actually 
increased The formation of a smgle qualitative impression is m this 
case more or less obstructed by the persistent individuality of the 
elementary consttuents. Simultaneous colour contrast (the spatial 
combination of different colour sensations) may serve as a typical 
mstance of colligation 

5. It IS not necessary at this stage to go further into details of 
classification. But there is one other point to which attention must 
be called if we are to avoid misunderstanding of the chaiacter of the con- 
scious elements Just as in nature the various elements never occur 
alone, absolutely out of connection, but always in physical or chemical 
combinations with other elements, so the elementary phenomena of 
mind are never found except in fusion or colligation with their like. 
And just as natural science obtains its simple substances by analysis, 
so must we employ the analysis of introspection to make out our 
Elementary qualities. By help of the attention we may, it is true, 
subj’ect even the less intensive elements to special investigation or 
observation; but real isolation, — the actual experience of one single 
• sensation, for instance,— can never take place. We may think that 
we have only heard a tone or seen a colour, but a closer inquiry 
shows that these were merely parts of a combination upon which the 
attention was concentrated with peculiar force. ‘Sensation’ and ‘feel- 
ing’ are not, therefore, different experiences, in the strict sense, but 
the results of a qualitative analysis of expenence, of which we avail 
ourselves for scientific purposes. We cannot ascertain the uniformities 
of complex processes, without this prelimmary analysis; and our first 
task is, accordingly, to examine separately every aspect or attribute 
which is at all obvious in the concrete mental state. 

The tnpartite division of mental faculties into those of knowledge, feeling, and 
desire, which obtained currency in the eighteenth century, is based upon the 
distinction (i) between objective states, referable to external objects, and subjective 
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states, expressive of the reaction of the ego, and (2), withm this last, between 
a more passive and a more active reaction. These prmciples of classification 
were crossed by a division mto higher and lower faculties. Such differences of 
standpomt were inevitable at a time when the exact conditions of the dependency 
of mental upon bodily processes were still unknown, and unassisted introspection 
was unable to establish universally valid results by its analysis of the more, 
complex conscious processes In particulai, it had not been discovered that besides 
the ‘five senses* we possess a number of sensitive bodily organs, which contribute 
nothing to our knowledge of the external world, and whose sensations cannot, 
therefore, be opposed to the feelings as objective to subjective The distinctaon 
of higher and lower faculties is obviously altogether unpsychological : psychology 
cares nothing as to whether the ethical and aesthetic judgments ascribe a higher 
value to this conscious process or to that Its introduction as a prmciple of 
classification is, however, very intimately connected with the depreciation of the 
sensuous which characterised an age and a philosophy of rationalism. — The tendency 
to divide up mental states into subjective and objective has persisted to our own 
day. It IS the principal leason for the customary groupmg of the sensations 
mediated by the internal organs of the body under the general name of ‘common 
feeling*. The physiology of the senses still makes use of this objectionable phrase 
And we often hear, too, of tlie ‘ sense of feeling *, a current expression for ‘ touch* 
in ordinary conversation. Now inconveniences of terminology might be put up 
with m themselves; but unhappily they are apt to lead the mvestigator astray m 
method, if they do not land him in error upon matters of fact. Wliile, again, if the 
only classification admitted be that of subjective and objective, psychology is altogether 
unable to cope witli reproduced sensations and ideas, the ‘images* of memory 
and fancy. — The prmciple of classification which we have followed was introduced 
into psychology, as is stated m the text, by Wundt; we have only earned it a 
httle farther tlian he has done, m the hope tliat it will thus yield still better 
results. It is indicative of the confusion which obtains m psychology even at the* 
present day, that this principle has not yet succeeded in gaming general recognition. 
Thus W. James, m his Frinct;ples of Psychology — a work 

of large conception and much onginality, — has argued from the fact that our men- 
tal life flows on in a more or less continuous stream df complex processes to the 
necessity of begmnmg with these, and not with simple conscious states which are 
the products of an artificial analysis. But by parity of reasoning the chemist and 
physicist and astronomer would be obhged to begin the exposition of their 
saences with a depiction of concrete phenomena, instead of with mechanics or 
stoechiometry. 

6. It is peculiarly difficult to give a survey of the most important 
psychological literature. The science has for centuries been dominated 
by philosophy, and has reflected all the many changes which meta- 
physics has undergone with the lapse of time. Even to-day psychol- 
ogists are not at one concerning the problems which they have to solve. 
It is true that the union between philosophy and psychology has of 
late, tended to become, more or less consciously, a union based rathet 
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upon the interest of particulai men than upon inherent relationship. 
But the development of that division of-laboui which is the one thing 
necessary for the successful progress of psychology, proceeds very 
slowly We may be agreed upon particular experimental investigations, 
but there is small indication of a more general agreement as to prin- 
ciples It IS, consequently, hardly possible to cite from the literature, 
without giving some characterisation, however brief, of the standpoint 
of the various works. And it is necessary foi the understanding of 
differences, as well as only just to the merits of the oldei psycholo- 
gists, that any such characterisation should be prefaced by a historical 
retrospect, showmg the origin of views and tendencies We can dis- 
tinguish two mam directions m modem psychology , the first of which, 
though much the older, did not cease to exist when the second made 
its appearance We may call it the descriptive and metaphysical direc- 
tion, while the newer movement is experimental and psychophysical 
The formei makes exclusive use of the mtrospective, memorial, and 
Imguistic methods ; its descriptions are either purely individual or very 
abstract. The latter insists upon the application of the experimental 
method wherever it is possible, and aims at the estabhshment of 
geneial laws. Similarly, the theory of mental phenomena erected by 
the earlier school relies upon the assistance of metaphysics , while the 
later one regards knowledge of the relations of dependency obtaining 
betw een the conscious and bodily (especially cerebral) processes as the 
only practicable road towards a real explanation of the facts of mmd 
7 German psychology before Herbart belongs entirely to the de- 
scriptive and metaphysical stage. Its principal exponent is Christian 
Wolff. To him is due the distinction between rational and empirical 
psychology, — the former principally concerned with the metaphysical 
foundation, the latter with the description of the facts of psychology. 

‘ He also introduced the concept of mental faculty, not only as a 
principle of classification of psychical processes, but as a ground of 
explanation. His successors devoted most of their attentiofi to empincal 
psychology; and there arose in the second half of the eighteenth 
century a whole senes of treatises upon "Erfahrungsseelenlehre”, 
which looked upon the descnption of interesting details as the principal 
aim of psychology. It may be said of all these works that they did 
not establish a single psychological uniformity of the concrete, te, 
scientific kind They are chiefly filled with accounts of special cases, 
general depictions, and hypothetical explanations. Nor did England 
and France do any better. Their psychologists busied themselves, for 
the most part, with psychological epistemology or the psychology of 
knowledge: psychology itself, that is, was interestmg only for the 
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information it could give of the process of knowledge, 'the formation 
of concepts, of our ideas of external objects, etc That is why the asso- 
ciation of ideas is the one phenomenon of importance which attracted 
the notice of English philosophers at the time. Psychology as an 
independent discipline had a comparatively late birth in England. 

8. Psychology being in this condition, we can understand how it 
was that Kant denied to it (as he did to chemistry for similar reasons) 
the rank of a science, and even attempted to demonstrate the impos- 
sibility of its ever becoming one You cannot apply mathematics to 
conscious processes, he said, and, the only scientific part of a study 
IS its mathematics , nor can you make experiments upon other peoples’ 
minds. The removal of the former objection is one of the services 
rendered by Herbart to psychology. Herbart pointed out that psychical 
phenomena vary not only m time but in intensity, and that in virtue 
of these two ' dimensions ’ they are amenable to mathematical treatment 
His second great seivice is his annihilating criticism of the view that 
the specification of mental faculties and the reference of particular 
facts of consciousness to them were in any sense steps toward explanation 
Nevertheless, the Herbartian psychology (Hartenstein’s edition of the 
Sammthche Werke, vols. v. and vi.) belongs to the first of our two 
schools. It is based entirely upon a metaphysical foundation. Ideas 
are the only real states of the simple mind, which by their means 
maintains its integrity as against other simple existences When they 
appear m consciousness, they do so in the guise of forces^ reinforcing 
or inhibiting one anothei. The results of this interplay are changes 
in the intensity of mental contents. For these, Herbart has sketched ^ 
the outlines of a statics and mechamcs of mind, in which the ideas 
(certain hypotheses being granted) function as mathematical quantities 
But the laws to which this most ingenious construction leads are purely 
theoretical, hardly admitting of application to any case actually realised 
in experience; and the whole attempt was naturally tentative and 
crude. It was left to one of Herbart’s numerous disciples' to bring 
the plan somewhat nearer completion (Drobisch : Ersie Grundlehren der 
7 nathematische 7 i Psychologies 1B50). He himself was but little concerned 
with the accurate analysis of subjectified experience, and his whole 
psychology stands and falls with his metaphysics. A far larger proportion 
of space is allotted to the discussion of empirical facts in certain of 
the most noteworthy works of the Herbartian school, some of which 
have also laid stress upon the importance of the relation of mental 
- to bodily, especially nervous processes. These are * 

M. W. Drobisch, Bmytrtsche Psychologies 1842. 

Th. Wsatz, Zehrhuch der Psychologic als JVissenschafty 1849, 
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W Y Lehrbuch Psychologies fourth ed , 1894. 

H Steinthal, Etnlciiung tn die Psychologu und Sprachwtssenschafis voL I , second 
ed., 1881 

Volkm aim’s is the fullest of the four. It embodies many of the 
results of experimental and physiological psychology, contains elaborate 
historical excursus, and gives numerous references to the literature — 
A very acute and suggestive book, written from a standpoint similar 
to that of Herbart, but expressly disclaiming any metaphysical parentage, 
IS Th. Lipps’ GrundtaUachen des SeeletilehenSy 1883. The author has 
rigidly excluded physiology and psychophysics from his pages, though 
not upon ultimate theoretical grounds, and in place of them has' 
made free use of the unconscious as a psychical value, without, 
however, attributing a metaphysical significance to it He accepts the 
experimental method, and utilises the results of experimental inquiry 

9 Another reformer of psychology, besides Herbart, was Beneke 
{Psychologtsche Skizzen^ 1825-7, dLehrbuck der Psychologic als Nature 
wissenschafts fourth ed., 1877) Beneke aimed at giving an empincal 
account of the elements of mind, but found these not m qualitatively 
simple conscious processes but in certain formal capacities, which he 
called ‘primal faculties’. The unconscious looms as large in his pages 
as in Herbart’s, and his discussions are for the most part equally 
theoretical, without showing an equal regard to exactness and logical 
coherence. His work was, therefore, rather stimulating than funda- 
mental. — The English psychology of this century is generally known 
as the ‘association psychology’, from its predominant mterest in the 
--processes grouped under the rubric of ‘association of ideas’. It contains, 
however, little more than descriptions of complex states. In its most 
recent form, it is strongly influenced by the doctrine of evolution, the 
analogy of physical and biological differentation being earned directly 
over to the domain of mental phenomena. The principal English 
psychologists and their writings are as follows* , 

James Mill, Analysts of ike Phenomena of the Human Mind^ third ed , 1878. 

A Bam, The Senses and the Intellects 1855 ; fourth ed , 1894 
,, The Emotions and the Witl, 1859 ; fourth ed , 1886. 

H. Spencer, The Principles of Psychology y 1855 ; third ed., 1881. 

An entirely different line has been taken by F. Brehtano: Psycho- 
logic vom ernpirischen StandpunhiCy vol 1 , 1874. This author holds 
that the contents of sense-perception are physical phenomena, while 
ideation, judgment, and love and hate constitute the psychical pro- 
cesses. Such a psychology— though we must remember that no more 
than an introduction has as yet been published— cannot be either 
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psychophysical or experimental; indeed, Brentano hinlself terms it 
descriptive. And we can see that ideation is certainly not a 
special psychical activity, experienced along with ideated contents, 
but a concept, which may cover processes of very different 
kinds. Moreover, the simplicity of the other two classes is more 
than doubtful. 

10. The experimental and psychophysical movement in psychology 
began in Germany about the middle of the last century* Herbart 
had ascribed to the body a threefold influence upon psychical states 
it exerted 'pressure’ upon them, it developed a 'resonance’ concomi- 
tantly with the occurrence of certain mental excitations, and it co-oper- 
ated with the mind in action. But the thorough exploiting of the 
psychophysical pnnciple began with H Lotze and his brilliant work, 
the Mediztmsche Psychologic (1852) It is true that Lotze, following 
previous German usage, began his psychology with metaphysical 
prolegomena, and that he is still very far from the thought of a 
universal psychophysical parallelism. But, nevertheless, he speaks 
without any circumlocution of the nervous conditions of psychical 
processes, and is happy in hypothesis, where knowledge of the facts 
is not available We need only mention his famous theory of local 
signs, which still possesses much more than a historical mterest. Al- 
though the empirical portions of the work are for the most part anti- 
quated, it may be strongly recommended to the student of to-day for 
its cleaniess, strictness of method, and suggestive manner. He should 
read with it the brief Outlines of Psychology (1881 ; dictated portions 
of lectures of a later period), which has seen several editions. — ^ 
The deciding impulse to the expeirmental movement was given 
by E. H. Weber, chiefly by his valuable article, Tastsmn und 
Gemeingefuhl (Wagner’s Plandworierbuch dev Physiologic, vol. m , pt. 

2; also published separately, 1851). This paper contains the first 
systematic experiments made m the psychology of the senses, and 
deduces from them a uniformity of general vahdity. The experi- 
ments themselves were carried out and partly pubhshed twenty years 
earlier, 

II But the actual foundations of an experimental psychology 
were laid by G Th Fechner, Elemente der Psychophystk 

second ed , 1889) was an attempt to carry through in detail the idea 
of a functional relation between physical and psychic?,! processes. 
Though the particular mathematical form in which Fechner couched 
this relation is not now regarded as umversally valid or even as pos- 
sible of application to a complex of so many vanables, we can hardly 
overestimate his services to scientific psychology. The concepts which 
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he introduced', the methods which he woiked out in theory and ap- 
plied in practice, his penetrating discussion of the empirical material 
already gathered, and his vast enrichment of it by personal observa- 
tion and experiment, combined to give an extraordinary impetus to 
psychological study. Of his later works we may mention the Revis%on 
der Haupipunkte der PsycJiophysik (1882), which supplements the Ele- 
menu, especially upon its methodological side. — Finally, the union 
of the experimental and psychophysical directions was ejected by 
Wilhelm Wundt, less in his first important work, the Vorlesungeii uber 
Menschen- und Thierseeie (1863; second ed., considerably altered, 1892 ; 
Eng trs, 1894) than m the classical GrundzugederphysiologtschenPsycholo- 
gie (1874, fifth ed , 1902-3!) Wundt^s combination of the two movements, 
and his comprehensive discussion ot all psychical facts,— which it lay 
beyond Fechner’s power to give, — have resulted in what is ordina- 
rily termed 'modern psychology'. His great work has thus become 
the text-book of the science, without having lost that individual 
character which such a book must present so long as we are referred 
to hypothesis upon so many matters of detail, and views of the clas- 
sification and presentation of psychological subject-matter remain so 
divergent. Wundt further gave the most effective impulse to the 
systematic study of experimental psychology by his foundation of the 
Leipsic laboratory in 1879, ^.nd of the Fhilosophiseke Studien (an organ 
principally intended for the publication of researches made there) 
in 1881; 

12. In conclusion we may enumerate certain quite recent works, 
.^hose general character places them within the domain of this modem 
psychology of which Wundt is the founder, however widely or radi- 
cally the details of system and theory in any one may differ from those 
to be found in the Fhystologtscke Psychologie or in the other books 
upon the list. 

H. Hoffdmg, Psychologic in Untrusen^ 1887, second ed., 1893, m German. 
Eng. trs., 1891. 

G. T, Ladd, Elements of Physiological Psychology^ 1887. 

„ Psychology^ Descriptive and Explanatory, 1894. 

G Sergi, La psychologic physiologique, 1888, from the Itahan. 

\V James, The Principles of Psychology, 1890. 

Th. Ziehen, Lettfadm der phystologtschen Psychologic, 1891, seventh ed., 1906. 
Eng. tr., 1892, second ed , 1895. 

J. M. Baldwin, Handbook of Psychology, 1891. 

J. Sully, The Human Mind, 1892. 

The following periodicals are especially devoted to the interests of 
this psychological movement: 
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Phtlosophtsche Siudten^ edited by W. Wundt, 1883-1903. 

Psychologtscki Siudun^ edited by W. Wundt, 1906 ff. 

The British Journal of Psychology^ edited by J, Ward and W H R. Rivers, 1904 fF 

Archw^f. d. gesamte Psychologte, edited by E Meumann and W. Wirth, 1903 ff. 

The American Journal of Psychology y edited by G Stanley Hall, E. C. Sanford and 
E B. Titchener, 1887 ff , 

Zeitschriftjur PsyJtologieund Phystologie der Sinnes organs ^ edited byH. Ebbmghaus 
and W A Kagel, 1890 ft 

The Psychological Review ^ edited by J. M. Baldwin and H. C. Warren, 1894 ff 

In the four last will be found a critical digest of current litera- 
ture. 

Special works, dealing with particular departments of psychology, 
■will be named in their appropnate connection at the end of each 
chapter. We mention only the most important, or those which give 
full references to the literature of their subject. 



PART I. THE ELEMENTS OF CONSCIOUSNESS. 


Section i. Sensations. 


Chapter I. The Analysis of Sensation. ' 





4. The Attributes of Sensation Sensitivity and 
Sensible Discrimination. The Classification of 


Sensations, 


1, A sensation is a simple conscious process standing in a relation 

of dependency to particular nervous oigans, peripheral and central 
(§ 3 - 3) despite its qualitative simplicity, a sensation may be 

compaied with other sensations in respect of certain attributes which 
attach to it A given pressure sensation, for instance, may be more 
vivid, more lasting, and more extended, than another, though it is of 
the same kind or quality. These attributes are characterised (i) by 
their inseparability from the sensation. Every sensation of pressure 

■‘•’possesses, over and above its specific content, a certain strength and 
a certain temporal and spatial character We need not necessarily 
pay particular attention to all the attributes in all cases ; but they are 
. never absent and can be noted and determined as circumstances 
require (2) Further, the nullification of any of the attributes involves 
the disappearance or cessation of the entire sensation. A pressure 
sensation which is unextended, whose duration or intensity is zero, 
or from which the quality is abstracted, simply ceases to be a pressure 
sensation. Sensation, that is, is not something to which attributes 
are added ; it does not imply a substrate or substantial nucleus, upon 
or ’around which they are grouped. It follows, accordingly, that a 
complete description of the attributes of sensation is equivalent to a 
complete description of sensation. 

2. Applying this criterion to sensation, we have to predicate of it 
four attnbutes. quality, mtensity, duration, and extension Quality is 
the property which characterises the simple conscious process as such, 
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and in this sense may be regarded as the most fundamental of all 
It distinguishes ‘blue' from,‘ied', ‘sweet' from ‘bitter’, ‘warm'. from 
‘cold'. The other attributes all refer to it; intensity is the intensity 
of a certain quality, and so on. Intemitv itself is the property of 
sensation which enables us to compare it with others in respect of 
vividness; and duration and extension designate respectively its elementary 
temporal and spatial character Thus a taste may be ‘very sweet' or only 
‘sweet'; a sensation of warmth may be of greater or less duration; 
a ‘blue' may be a blue of greater or less extension. In general, it 
may be said that all four attributes admit of isolated variation, so that 
we can foimulate their laws independently Quality, however, is 
peculiar in this respect. For alteration in quality means transition to 
new sensations; while if quality is left intact, and the other attributes 
are altered, the sensation appears to remain the same. This is another 
proof that quality is of the very essence of sensation It represents 
the solid foundation, so to speak, which underlies the variability of 
the other propeities. When we come to ask how many sensations a 
sense-organ mediates, therefore, we shall simply inquire as to the 
number of qualitatively different sensations. 

3. Not every sensation possesses all four attributes. Quality, of 
course, attaches to all alike; and duration, too, may be predicated of 
all. But extension belongs only to the visual and cutaneous sensa- 
tions. If we speak of the ‘extension' of tones, scents, or tastes, we 
are either using the term allegorically, to express the magnitude of 
the effect which they have upon us, or employing it in a secondary 
sense, to indicate the spatial character of the objective conditions of 
the sensations, or that of other sensations or ideas, visual or cutane=" 
ous, which we associate with them. And intensity cannot be ascribed 
to sensations of sight, since any alteration or modification, whether 
of the intensity of the physical stimulus or of any other of the elements . 
in the determination of sensible intensity, brings with it an alteration 
in quality, t a transition to new sensations The proof of this 
must come later (§§ 17 ff.), here we can do no more than note the 
fact. There is naturally no reason a pnori why all the three attrib- 
utes should attach to every sensation, over and above its essential 
and characteristic quality. We must appeal to expenence, to discover 
whether variations m intensity, duration, and extension, occur 'in a 
particular case. As a matter of fact, cutaneous sensations form the 
only class which allows of isolated variation in all three directions. 

4. Our analysis of sensations must extend to all the attiibutes which 
are capable of separate consideration We must determine their quality, 
compare their degrees of intensity, investigate their temporal and 
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spatial characteristics The instrument of this analysis was denominated 
by sensible discrimination. We speak, therefore, of 2. qualitative, 

intensive, extensive, or temporal sensible discrimination, according to 
the attribute which we are subjecting to analysis It is impossible to 
anive at an absolute determination of the various sensation attributes : 
recourse must always be had to their comparison with others. That 
IS to say, our determinations of sensation can never be more than 
relative, and this is why sensible discrimination, the capacity of the 
mtercompanson of sensations, is our sole instrument in the work of 
analysis. If we could obtain an exact account, in physical and 
chemical terms, of the nervous processes upon which we suppose 
sensations to be directly dependent, our results could be made absolute, 
i.e , we could describe sensations independently of their relations to 
other sensations. As it is, we find some compensation for our ignorance 
in this respect, in the relation of sensations, under their various attrib- 
utes, to the corresponding properties of stimuli. Such a relation 
presupposes, however, that the nervous excitations running parallel to 
sensation stand in a wholly unequivocal causal connection with the 
external stimuli; and the facts give only an appioximate verification 
of this hypothesis. The modification of particular excitations consequent 
upon the state of the nervous tissue, — ‘nervous excitability’, as it is 
called, — and upon the influence of other simultaneous excitations, is 
an important factor m the determination of any definite parallel process. 
The same stimulus may produce different central excitafaons, different 
stimuli the same central effect. So that, evidently, an objective 
measurement of psychical processes such as would allow of their 
absolute formulation in definite terms is, at present, out of the ques- 
tion, and could seldom be directly made in any case. We must, 
therefore, have recourse in the first instance to introspection, in our 
attempt to define our sensations. And we know that the results of 
introspection must necessarily be relative, because the psychologist 
cannot refer his conscious processes to a standard of comparison, like 
the metre-rod of the scientist. If we are ttymg to determine the 
different noticeable shades of a colour, we must compare them with 
one another or with remembered colours ; if we wish to fix the intensity 
of a tone-sensation, our only standard of reference is other tone- 
sensations ; if we attempt to describe the temporal or spatial character 
of a pressure sensation, we must have other pressure sensations with 
which it may be compared and contrasted. 

5. The phrase ‘sensible discrimination’ must not be taken to denote 
a faculty of comparison, in the sense of a peculiar conscious process 
existing alongside of the vanous contents. It merely expresses, in the 
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first instance, the general fact that we have different experiences and 
experience them differently; m other words, it covers the introspection 
of different contents and the repoit of their difference. All the conditions 
which affect introspection in general will, therefore, affect sensible 
discrimination. But we also use the phrase to indicate our experience 
of like contents, and our report of their likeness. Our judgment of 
two colour sensations as like, t,e j our ascription to them of the same 
quality, is just as much a function of our sensible discrimination as is 
our judgment that they are diffeient because they occupy different 
places.— Sensible discrimination, then, has so far given us very general 
results: when we judge that two conscious processes are 4ike’ or 
‘^different’, we bring them, as it were, under the most comprehensive 
laws of thought stated by foimal logic, the laws of identity and 
contradiction. But the meie determination of difference, without any 
exact specification of its nature and magnitude, would not take us 
very far We therefore employ the experimental method to bring us 
to close quarters with the former question, and a number of special 
appliances (of which more later) to assist us to an answer to the 
latter. 

6 Our definition of sensible discrimination comprised two processes 
the experiencing of contents, alike or different, and the report of their 
likeness or difference. The first of these is plainly the prerequisite 
of the second. But it is a question whether we may assume that the 
report in language (we may abstract here from other means of de- 
scription) IS in every case a simple restatement of the process experienced , 
whether, that is, the two forms of sensible discrimination, the dJrec/ 
and the indirect^ may be taken as always equivalent It is a question 
whether we may assume that the judgment 'equal’ may be invariably 
trusted to reflect equality of sensations, and judgments 'greater’ 
and 'less’ corresponding relations between sensations. An analogy 
will make this clearer Helmholtz has laid it down that sensations 
are symbols from which the student of nature infers the objective 
existence of natural processes, and not copies of these processes He 
cannot assert, therefore, that like sensations are always the symbols 
of like objective facts, or that a particular difference in sensations 
necessarily sigmfies a corresponding difference of physical or chemical 
processes. Now the linguistic symbols which the psychologist em- 
ploys might stand in a precisely similar relation to the facts of 
experience, — ^might, that is to say, be equally untrustworthy ns means 
for their expression. If this is really the case, the further question 
arises, whether the psychologist can hope for as large a measure of 
success in his attempt to correct the errors of judgment as has fallen 
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to the lot of .the scientist in so many phases of his struggle with the 
vlisparity of appearance and reality in nature 

7 Now there can be no doubt that deceptions of judgment occur, 
i e , that the contents of our knowledge of a given fact is not always 
adequate to the nature of the fact itself Not only do we ‘overlook* 
things in ordinary life, but we are not seldom the victims of illusion, 
due to the incongruity between the direct and indirect sensible dis- 
crimination Besides which, the discrete symbols of language are 
often unable to cope with the continuity of mental occurrence (cf § 2, ii). 
And it happens to all of us quite frequently to halt for words which 
shall do full justice to an experience, and to end our description 
while we ourselves realise its insufficiency These difficulties we can 
overcome very effectually by help of the experimental method, which 
IS precisely adapted to meet such cases (cf. § 2 5, 6, 7). But they do 
not exhaust the list of possible incongruities between experience and 
description of experience. For the relation of the latter to its original 
may be subsumed to a general psychological concept, usually spoken 
of as ‘association* or ‘leproduction’. the Imguistic symbols are 
‘reproduced* by the sensations, whether they appear in consciousness 
as visual ideas or auditory ideas or ideas of movement (z <?., of the 
movements involved in speaking or writing). But the various relations 
set up in this way cannot, obviously, all be exactly alike. Some 
expressions will be readily reproduced, others with difficulty; we have 
in the liteiature a whole series of mvestigations in which these differ- 
ences are clearly manifest. Moreover, it is exceedingly questionable 
whether any and every alteration in a sensation- attnbute can call up 
a conespondmg judgment, or whether a certain amount of difference 
must not be present before the reproduction of the phrase appropri- 
ate to it is possible. These are difficulties, it is plain, which cannot 
be so easily overcome. Our only appeal is again to the experimental 
method, and up to a certain point the method responds to the appeal. 
We can obviate irregularity of reproduction by special practice, and 
we can tell when a defect in our record is due to such irregularity. 
But not even experiment can render the indirect sensible discrimmation 
fully adequate to the direct. It would be well if this fact received, 
as it certainly deserves, more attention than it has hitherto attracted. 

8.^ It is oftentimes necessary, if an investigation into sensible 
discrimination is to lead to the discovery of laws and uniformities of 
general validity, that it should be accompanied by an examination of 
s&nsitwity^ that is, the bare capacity of expeiiencmg and communicatmg 
sensations. We may subdivide sensitivity, according as it has reference 
to a whole sense department or to individual sensations In the first 

3 
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case it is known as modal sensitivity ^ and is measured by the number 
-of sensations given with or possible to a particular sense. In the 
second, it may be termed sensibility (the word is current iii this 
meaning in pathology), and is measured m terms of the attributes 
predicable of the separate sensations. We can, therefore, speak of a 
quahiativ€y intensive^ extensive^ temporal sensibility, as well as sensi- 
ble discrimination. To give an example* the modal sensitivity of the 
skin is determined when we have enumerated all the simple qualities 
or different sensations which can arise from cutaneous stimulation. 
When a sense embraces a large number of different qualities (sight 
and hearing, e,gi)^ it becomes necessary to preface this enumeration 
by a statement of the limits of stimulability. We have an ‘upper’ 
and Tower limit’ of sensations of colour and tone; ue., limits, beyond 
which in either diiection stimulation is ineffective. The relation of 
sensation to stunulus is also turned to account in the determination 
of sensibility, and generally for the ascertainment of limiting values. 
Thus it would be a test of qualitative sensibility to inquire how many air 
vibrations are required for the perception of the pitch of tone to which their 
period corresponds. In the same way, we seek to discover the least 
intensity, duration, or extensity of a stimulus which can evoke a 
sensation. These just sensible minima of stimulation are called 
hmens 

9. Oui definition leads us to distinguish, further, a direct and an 
indirect sensitivity. What has been said above of the corresponding 
forms of the sensible discrimination holds equally of the two kinds 
of sensitivity. We find, as we should expect, an incongruity between 
them. It is to be remarked that we have as yet said nothing of what 
might seem to be properly termed ‘indirect’ sensitivity and sensible 
discrimination * — a judgment of sensations or differences between sensations 
formed not from the experiences themselves, but by the application of 
extraneous critena, furnished, it may be, by other sensations, or by 
previous knowledge of the facts and their relations. The incongruity 
between this and the direct processes needs no demonstration An 
illustration of it is afforded by our judgment of the distance of an 
object from the eye as inferred fiom the distinctness of its outhne, 
which is empincally mediated, and not derived from any ‘sensation of 
distance’; or by that of the direction from which a sound comes to 
the ear, which is not referable to any peculiar spatial characteristic of 
auditory sensation. There is great danger of confusmg these judgments 
with those of the direct and indirect sensitivity and sensible discnmina- 
tion in the strict meaning of the terms, and it can only be avoided 

Latin Umen, a thresholcJ. 
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by especial c’are and caution in analysis, whether observational or 
experimental. 

10 Sedations stand in definite relations of dependency to certain 
peripheral and cenlial organs of the nervous system Their fiist 
aiousal appears to be coi related, without exception, with the stimulation 
of the peiipheral oigans Afterwards, however, they may enter conscious- 
ness by die central path. We may base our classification of sensations, 
then, upon this difierence in their bodily conditions, and divide them 
into peripherally excited and centrally excited The fonner obviousl}^ 
involve a central excitation as well, but the latter need no peripheral 
excitation to cause the central The two classes must be treated 
sepaiately, as they normally piesent charactenstic differences. Within 
each class we shall examine the various sensation-attributes in order 
It will, however, be convenient to defei the consideration of extension 
to a later peiiod, since (i) only two senses possess the attnbute (§ 4 3), 
and (2) it is best to deal with all our spatial contents and judgments 
in connection. And for this lattei reason we shall also postpone our 
discussion of duration, till we can examine all the temporal chmacteristics 
of consciousness in a single chapter There remain two sub-sections, 
dealing lespectiveiy with the quality and intensify of sensation. Finally, 
it IS desiiable to arrange sensations according to sense departments, in- 
asmuch as diffeiences in the bodily organs must mean very consideiable 
differences in the character of sensations. We shall, therefore, 
consider the cutaneous, visual, auditory sensations, etc , in turn, as 
separate classes This is the only unequivocal piinciple of class- 
distinction among sensations, which has an indisputable foundation m 
the facts 

Our reasons for not co-ordmating affective tone, 7 e , the pleasantness or un- 
pleasantness of a sensation, with the four atUibiites mentioned in the text, will be 
adduced at a later stage (§ 34. 4) — ^It may seem that tlie deteimmation of 
sensations is not always so relative as we have made it. Thus it is undoubtedly 
possible to express certain qualities, as those of taste or of cutaneous sensations, 
in absolute terms, trained musicians sometimes possess an absolute memory for 
tones. Moreover, we can give an absolute designation of tlie spatial form in which 
visual sensations present themselves, provided that it allows of the application of 
some familiar geometneal name And special practice culminates in a ver)^ great 
accuracy m the absolute detemiiuatjon of intensities, tirae-micivals, and distances 
But (i) these are all exceptions, cither falling witlim especially favoured sense- 
departments, in wlucli there aie but few qualities and no continuous transition 
fioni quality to quality, or fonniug only a comparatively small pioportion of the 
whole number of available qualities, degrees of intensity, and tempoial or spatial 
standards. (2) The capacity of absolute designation arose by way of comparison 
Every system of names is based upon the determination of distinctive marks, and 
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that can be ba^ed only upon comparison This does not mean, Qf couise, that 
when the connection between name and contents has been firmly established the 
reproduction of the name must always be mediated by the oritrinal compaiisou 
(3) Absolute designation is always assisted by relative, while the reverse is haidly 
ever the case Thus the absolute denomination of the pitch of a tone is aided 
by its relation to other tones given in memory 01 perception ; whereas the rela- 
tive determination of two different pitches could scarcely depend upon the absolute 
denomination of either 01 both (4) The capacity would be of little service for 
psychological purposes, for the following reasons, (a) It would always be neces- 
sary to pi o vide a special chock of its reliabihty in a paiticular case, since error 
IS as possible here as elsewhere in association. ( 5 ) Its infrequent development 
would necessitate a special and elaborate trainmg, which would, after all, pro’ie 
useless m many cases, (c) There is simply no guaiantee, so far as we can see, that the 
denominations of definite experiences by different individuals would have the same 
significance for all With these considerations in our minds, we shall hdrdly be 
obliged to qualify the remaiks made above (§ 4 4) Sensitivity is the single rubric 
under which absolute detennination can find a place But sensitivity is ascer- 
tained and measured solely by its relation to stimulus-magnitudes , and this proced- 
ure makes only an indirect contribution to the analysis of sensation and its 
properties 

The classification of sensations by the external stirauh which evoke them, as 
sensations of ‘light’, ‘sound’, ‘pressure’, etc., cannot be accc]Uod, for the reason 
that the sensations so denominated do not stand in any unequivocal relation to 
the exciting stimuli. ‘Light’ sensations, for instance, can be pi oduced by mechan- 
ical or electncal stimulation of the optic nerve 

Even less tenable is the point of view which makes sensations the psychological 
symbols of objective facts or processes, and leads to their classification as sensation^ 
of ‘movement’, ‘weight’, ‘time’, ‘space’, and so on. Qualities of the most various 
kinds can do the psychologist this secondary service of symbolism for one and 
the same object We do not deny that a psychology of Icnowledge would find 
the pomt of view valuable, and indeed be compelled to ask how far particular 
sensations or complexes of sensations have acquiied nr can acquire this significance 
for the denomination of objective facts But where sensations are to be treated" 
as simple conscious processes, it is indifferent, if not misleading 

It has sometimes been stated that sense-departments can be discnminated by 
the fact that sensations of any one sense form a continuous series, while the 
sensations of disparate senses are wholly unconnected. The state«nent is not quite 
correct There appear to be no transition stages between the qujahties of taste, or 
between those of pressuie and temperature. 

§ 5. General Conditions of Sensitivity and Sensible 
Discrimination. 


I- The geneial capacities of sensing, and of experiencing like and 
different contents — that is, the direct sensitivity and sensible discrimi- 
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nation — may be supposed to be approximately the same in different 
individuals, provided that certain of their conditions (ot which more 
in a moment) are kept constant. The capacity of repoiting upon ex- 
peiience, on the other hand, will naturally vary veiy consideiably It 
IS therefore commoner, perhaps, in psychological investigations of sensi- 
tivity and sensible discrimination than m any other depaitment of 
scientific inquiry, that different observers reach quite divergent results 
The disci epancy is not due, as a lulc, to mdefinable ‘individual differ- 
ences’, but to diffeiences m the object with which the various observers 
entered upon their research, and consequent differences in their ob- 
servations of the same set of facts The first great prerequisite of 
fruitful investigation into sensitivity and sensible discrimination is, then, 
a clear and piecise foimulation of the question to be answered, and 
a compaiison or comparative evaluation of the reports m which 
answers obtained under similar conditions are given. E. H. Weber 
tested the ‘cutaneous space sense’ by applying the two points of a pair 
of compasses to the skin, and ascertaining how far apart they must 
he for the two sensations to remain (descending series) or become 
(ascending senes) just noticeable as two Since his day, innumerable 
experiments of the same kind have been made for the same puipose, 
both with normal and pathological subjects But what connection is 
there between the * just noticeable duality of sensations, and the just 
noticeable cutaneous distance or extension ? No satisfactory examination 
of the inten elation of these two judgments of noticeability has been 
made up to the present time, and until it has been made, we have 
no nght to speak of the experiments as tests of the cutaneous ‘space 
sense’ It would not be difficult to collect a large number of similar 
instances of incongruity between the direct and indirect sensitivity or 
sensible discrimination, due to inaccuracy of preliminary formulation 
or subsequent interpretation. The remedy, however, is in our own 
hands, and such cases have nothing in common with the difficulties 
discussed above (§ 4. 6, 7, 9) 

2. There are three sets of conditions which affect the direct and 
indirect sensitivity and sensible discrimination alike. The first is 
that of 

(i) Attention . — It follows from our definition of this state of con- 
sciousness (§ 2. 3) that its various degrees will influence both the direct 
and the indirect sensitivity and sensible discrimination The gi eater 
or less vividness of sensations in consciousness will evidently affect our 
introspection of themselves and their differences ; and their greater or 
less reproductivity will similarly affect the ceitamty and adequacy 
of their description. A general rule may, therefore, be formulated, to 
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the effect that, the greater the attention^ the gy eater are our sensitivity 
and sensible distnmtnahon The influence of attention is so consider- 
able that It is absolutely neccssaiy, if obseivations are to admit of 
mtercomparisonj that we keep it constant thioughout the senes Now 
the only dcgiee of attention which can be experimentally maintained 
with anything like certainty, is that of complete concentration Every 
observation, then, must be made under this condition- m all cases 
wheie the influence of attention is not itself the object of investigation, 
the rule will hold that the direction of the attention must he constant 
and Its degree maximal. As a matter of fact, however, fluctuations 
both of duection and degree are inevitable The attentive examination 
and careful judgment of like experiences at short mtervals through a 
whole senes of experiments are very fatiguing Conscious distiaction 
or diminution of the attention may be checked by accurate introspection 
on the pait of the observer, who must put a special mark against 
judgments formed under unfavourable conditions, to distinguish them 
from the lest. On the other hand, the many unnoticed fluctuations 
of the attention will lead to accidental errors of observation, which can 
only be eliminated — as in the natural sciences^ — by mathematical treat- 
ment of a veiy laige number of expenments. Unless the record shows 
a constant increase or decrease of sensitivity or sensible discrimination, 
it may be assmned that these accidental variations are equally grouped 
about the true, i.e , the mean value. Let a, y, . . , . be errors of 
observation due to accidental fluctuations of the attention, and causing 
the hypothetically true value B to vary m both the positive and negative 
direction; and let the sum total of the positive errors be equal to that 
of the negative. Then ^ + a, ^ + ft . , , will represent the expen- 
mental results actually obtained, and (« being the number of obser- 
vations) we shall have 

(A* + a) + (i? + (?) + (^ -h y) + , . . . ^ 

— = IS, 

n 

In strictness, B should be termed not the true, but the probable 
value of the obseivatioi^. 

3. All states of consciousness which modify the attention will 
natuxally exert an indirect influence upon sensitivity and sensible dis- 
crmimation. Ill hmnour and depression generally mean distraction and 
diminution of the attention; and any physical discomfort, headabhe, 
etc., is apt to have the same effect. The greater the interest taken 
in the work, the more actively and exclusively will the attention be 
directed upon it; whereas a conviction of the fruitlessness or worth- 
lessness of tlie observations brings with it an involuntary relaxation of 
the energy of introspection and a curtailment of description. Neivous 
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excitability capacitates a maB for keen observation at the beginning of 
an experimental series, but makes him dull, and liable to all sorts of 
distraction, as the impressions are repeated A conscientious observer 
will have to take account of all these elements in the inhibition or 
facilitation of his attention; and a skilful experimenter will gauge the 
quality of his experimental subjects by the judgments which they record 
for him No specific directions can be given ; and in any case, nothing 
but experience could show whether they were being followed. The 
extraordmaiy instability of the mental equilibrium is a factor with which 
the scientist has to reckon only as a source of accidental, not further 
analysable errors, but of which the psychologist must take very par- 
ticular account It presents itself to him both (i) as a sum of different 
processes affecting any given judgment and (2) as an independent 
object of scientific inquiry. A thorough analysis of its influence leads 
to a whole number of important results, of the kind to which we have 
already called attention in our protest against the mechanical treat- 
ment of special questions (§ 2. 12). 

4. (2) Expectation and Habituation — Both of these conditions 

consist m a predisposition of consciousness. To ‘expect’ a stimulus 
or stimulus-difference is to prepare its introspection or the judgment * 
appiopriate to it This preparation can be accomphshed in various 
ways . by a favourable attitude and adjustment of the sensory apparatus 
(direction of gaze, accommodation for a certain distance, etc.), by the 
central excitation of sensations which anticipate the expected impression 
(idea of the stimulus or stimulus-difference), by an especial readiness 
for the application of the appropriate judgment (mental rehearsal of 
the right sounds), and so on. Expectation, if directed upon the pio- 
cesses underl3dng the observer’s report, must evidently increase sensi- 
tivity and sensible discrimination . for it is, m reality, simply a preparatory 
attention. It facilitates the prompt and full concentration of the 
attention upon the expected contents Without it the attention, if the 
phrase is permissible, might easily come too late, and find the sensa- 
tions already somewhat faded To ensure its uniform co-operation m 
the observations of a senes, it is customary to give a signal at some 
fixed interval before the appearance of the stimulus m each experi- 
ment so that the subject’s mind is prepared for its reception, The 
inteival between signal (a spoken “Now!” or the stroke of an electric 
bell) and stimulus is made so short that expectation just reaches its 
maximum, without passing over into exhaustion, as it would do if the 
time were too long. The length of the interval is, of course, dependent 
upon the complexity of the necessary preparation, tx., of the experi- 
ment. The simpler the object presented to judgment, the shorter can 
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it be made. In many cases it has been found that 2 . sec. is a good 
average time for the adjustment of expectation. 

5. What has been said above of the distraction and diminution of 
the attention holds also of the distraction and weakening of expecta- 
tion. The introspection of the observer must again furnish a check 
upon all conscious deviations from the norm, and the ingenuity qf 
the experimenter must guaid against such as would pass unnoticed. 
But since the contents of expectation may vary as well as its diiection 
and intensity, we speak in experimental psychology of a procedure with 
knowledge (complete or incomplete) and a procedure without knowledge 
In the former, the observer has or is given full or partial knowledge 
of the purpose of the investigation. This procedure is always followed, 
foi instance, when the functions of observer and experimenter are 
rombmed m a single person. In the other case, the observer has no 
such knowledge. This procedure in its extreme form obviously implies 
that observer and experimenter are different persons. There are, natu- 
rally, a large number of gradations between the two ; and neither can 
really be employed without some intermixture of its opposite. The 
procedure without knowledge, for instance, cannot entirely exclude 
knowledge of the circumstances of the experiment. We may vary the 
magnitude of a stimulus-difference, D, in a series of observations, 
m such a way that the subject is quite uncertain as to the direction 
and amount of its variation, but we cannot keep him in ignorance of 
the sense-organ to be affected and the kind of judgment to be made. 
The attributes ‘with knowledge* and ‘without knowledge*, therefore, 
can be predicated m the strict sense only of the particular object of 
the individual judgment. Indeed, it is not desirable that the procedure 
without knowledge should overstep these narrow limits. For m that 
case, the important preparatory work of expectation would be rendered 
null and void. 

6. It is impossible to make any general statement as to the compa- 
rative value of the two methods of procedure. Each is important m 
its own place ; but the two sets of results must not be confounded We 
may fairly assume that sensitivity and sensible discrimination will be 
greater in the procedure with knowledge. The more defimte the 
contents of a correct expectation, the more easily must a stimulus be 
noticed and a stimulus-difference cognised. But both procedures 
leave the door open to certain errors. In that with knowledge, the 
impaitiality of the observer may be more or less seriously affected. 
It is fatally easy to substitute knowledge for perception, and so lose 
sight of the actual facts. The result is an artificial regulanty of 
judgment, an artificial value of the sensitivity and sensible discrimination. 
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In that without knowledge, on the othei hand, it is not always possible 
to prevent the intrusion of some kind of definite idea of the character 
of the object of judgment This idea may be right and may be 
wrong, and according as it is the one or the other will effect an 
abnormal increase 01 diminution of sensitivity and sensible discrimin- 
ation The observations will consequently vary within somewhat wide 
limits And their vanation will be rendered still greater by the natural 
uncertainty of the subject, who has purposely been left in ignorance 
of the precise character of the expeiiment The method without 
knowledge, theiefore, tends to rate sensible discnmination and sensi- 
tivity too low, just as the procedure with knowledge tends to put 
them too high It is always needful to employ both, using each to 
check the other, and only deciding after very careful consideration 
which offeis the greater advantages in a given case 

7. By habttuatio 7 i we understand a tendency, taking shape in the 
course of a series of similar observations, to experience and describe 
perceptions of sunilar chaiacter. All our voluntary actions become 
automatic after a certain nmnber of repetitions, and both expectation 
and attention are dependent on the will Within any series of psy- 
chological expeiiments, theiefore, we are apt to find a certain direction 
and degree of the attention growing habitual, and a particular category 
of judgment becoming preferred. Or if the method employed for the 
investigation of sensitivity or sensible discrimination consists in the 
continuous gradation of stimulus-magnitudes, habituation is apt to 
manifest itself m another way, — m reversal of judgment after a certain 
series of ‘equals’ or ‘diffeients’. A very simple experiment will show 
the magnitude of its influence Let a numbei of comparisons be 
made with lifted weights, the second of each pair being kept constantly 
heavier than the first, and then let this heavier weight be replaced, 
in some term of the series — without the subject’s knowledge — by one 
which is exactly equal to the first. The new weight will be judged 
to be noticeably lighter than the other Here, as indeed in most 
cases, the process of habituation is unconscious It has been techni- 
cally termed predisposition, in the sense of a predisposition of sensory 
or motor centres for a particular excitation or impulse But uncon- 
scious predisposition is plainly only a sub-heading of habituation, as 
we have defined it, there is no essential difference either between 
conscious and unconscious habituation, or between predisposition of the 
direct and that of the indirect sensitivity and sensible discrimination. — 
We cannot treat m detail of the long series of individual phenomena, 
all of the same general nature, which constitute habituation, any more 
than we could of the details of expectation; but we will speak of a 
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few points which bear unequivocally upon sensitmt3r and sensible 
discrimination. 

8 An appieciation of the influence of habituation leads to two 
fesults. (i) A certain amount of habituation, such as is induced by 
a brief series ot experiments, undoubtedly exerts a favourable influence 
upon the certainty of judgment, smooths the way for attention and 
expectation, and facilitates the report of essential facts Provided, that is, 
that its direction does not bring it into conflict with objective conditions, it 
prevents any serious fluctuation of sensitivity and sensible discrimination, 
(ii) But with too great habituation, the activity of comparison tends 
to degenerate into a mechanical automatism, which practically nulh- 
fies the eflects of attention and expectation, and dulls the subject’s 
interest in the individual experiment So that, if a certam amount of 
habituation is good, a larger amount is harmful. 

The same two results come out, if we consider habituation from 
the point of view of the agreement or disagreement of its contents 
with the object of judgment (i) A large measure of habituation to 
a particular perception or report leads us to substitute for the estima- 
tion or compaiison of the stimuli, as such, a judgment based upon 
their relation to the disposition which their accustomedness has brought 
about. The incorrect judgment of the heaviness of the second weight, 
in the illustration given above, was largely due to the very natural 
comparison of the unexpected impression with that for which JJtie 
subject was prepaied. Under these circumstances we cannot, of course, 
obtain leliable information of the powers of sensitivity and sensible 
discrimination ; we run the risk of basing our estimate of their normal 
function, or our general conclusions with regard to the comparative 
judgment, upon results which are wholly fortuitous, and due to the 
artificial conditions of the experiment Such results are in all essential 
points incomparable with the others, and valuable only as indicating 
the great influence of habituation and predisposition, (ii) A small 
measure of habituation, on the other hand, is distinctly helpful to 
introspection, z increases the sensitivity and sensible discrimination, 
even in cases where the stimuli and stimulus- differences are variable. 
Here again, then, it rests with observer to take account of the source 
of error, and with experimenter to satisfy himself of its magnitude by 
a fitting disposal of his experiments. The procedure without knowledge 
furnishes a key to both problems. 

9 ’ (3) ^'t'CLctue and Fatigue — We mean by these terms processes, 

which are ordinarily alike dependent upon the number of observations, 
but which exert diametrically opposite influences upon sensitivity and 
sensible discrimination. To practice is due a steady increase in 
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delicacy of perception and leadmess of judgment, to fatigue a steady 
decrease in both The words are so familiar and intelligible that 
it is unnecessairy to define thepa. The processes have received a good 
deal of attention in physiology, muscular practice and fatigue, in par- 
ticular, forming the subject of a large number of investigations. Prac- 
tice expresses itself psychologically (i) in an increase of attentional 
concentiation, with all its accompanymg advantages, and (ii) in an 
increased capacity of reproduction. In both cases we may speah of 
it as general or special. General practice is equally valuable in all 
depaitments of inquiry. The subject who has rendered conscientious 
seivice in any set of psychological expenments will have gained in 
power of obseivation and of judgment, quite apart from the special 
facility which he has acquired Special practice applies only to the 
latter It is best, in embarking upon a new mvestigation, to secure 
the assistance of observers who have already had some general prac- 
tice; special practice must obviously be gained in the course of the 
experiments Geneial practice in piano -playing, e g,j does not by any 
means imply the capacity of rendenng a new composition at sight 
General practice increases in direct proportion to special; but the 
reverse is not necessarily true. 

We shall not discuss general fatigue, since it is well to exclude 
persons who suffer from it from participation in an mvestigation; 
unless, mdeed, it is one of the special objects of the experiment to 
ascertain what kind of report is made in a condition of general 
relaxation and exhaustion. A special fatigue, consequent upon contin- 
ued occupation with the same problem, must show itself sooner or 
later, and is often operative before the subject has remarked its influ- 
ence. It expresses itself in an increasing uncertainty and inaccuracy 
of judgment, and consists (i) in a weakening of attention, and (li) in 
•a diminished capacity of reproduction Since certain muscles are 
essentially concerned in the reception of sense-impressions, it will be 
necessary to take account of their practice and fatigue, in accounting 
for inciease or decrease of sensitivity and sensible discrimination. 

lo. The modification of sensitivity and sensible disci immation by 
practice and fatigue is very considerable Hence it is important to 
be sujre that only those judgments are compared which were obtained 
under similar conditions m each regard. And this holds of the judg- 
ments of different persons, as well as of those of the same observer 
The question arises, ther^ore, how the two factors can be kept 
constant, or their variation checked, if variation is inevitable, (i) 
Fatigue can be combated with some measure of success, by judicious 
limitation of the length of the expcnmeiiUl series, and careful appor- 
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tionment of recreative pauses between the separate experiments which 
it comprises, (li) Practice cannot be counteracted, and must, therefore, 
be accurately checked in every investigation. Its degree is estimated 
from a comparison of the particular experiments and experimental 
senes, which show its progressive influence as more and more judg- 
ments are taken. It is now customary not to begin the experiments 
from which conclusions are to be drawn with respect to sensitivity 
or sensible discrimmation until the maximal degree of practice has 
been attained by the observers, and the diflerent series and experi- 
ments have practically ceased to vaiy with its continuance. No 
general rule can be laid down as to the number of experiments 
necessary for complete practice. Where the problem is difficult and 
complicated it will hardly ever be safe to say that maximal practice 
has really been reached. 

II. The last general condition of sensitivity and sensible discri- 
mination, but a condition of their indirect forms only, is to be found 
in the bodily (physiological) processes which intervene between stimulus 
and sensation Our previous discussion has involved some reference 
to these mediatmg processes; but the concepts of ‘practice’, ‘attention’, 
etc., include beside them influences of a more central nature. We 
have, however, already mentioned predisposition; the seat of which 
may possibly be looked for in the lower brain centres. There remam, 
therefore, only the manifold vanations of nervous excitation which 
occur in the penpheral sense-organ. Observations of the effect of 
stimulation at one point of skm or retina may not be compared off- 
hand with those of its effect at other points sensitivity and sensible 
discrimination are largely dependent upon the place at which the 
organ is affected by light or pressure. Again, the senses of sight, 
hearing, etc., evince a number of individual differences, peripherally 
conditioned, which are of great importance for theories of sensation, 
but which also serve considerably to modify sensitivity and sensible 
discnmmation : the unmusical ear differs in both respects from the 
musical, the colour-blind eye from the normal. And, lastly, we must 
bear in mind all the uniformities of relation which have been estab- 
lished from the physiological side for stimulus and excitation These 
facts would naturally enter into any appreciation of the capacity of 
sensitivity and sensible discrimination,— We shall speak of these con- 
ditions more in detail as occasion requires. 
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§ 6. The Measurement of Sensitivity and Sensible 
Discrimination 

I . The uniform dependency of sensitivity and sensible discrimination 
upon all these various conditions renders itnecessaiy (i) to make a laige 
number of observations, and (2) to follow a rigorous method, if we 
aie to obtain valid results and successfully cope with distracting influences. 
The merit of having transformed the scattered experiments of previous 
investigators into psychophysical measurement-methods belongs to Fechner 
The methods which we employ to-day for the expeiimental treatment 
of sensations are in principle the methods which he formulated, although 
they have naturally undergone modification and expansion But 
Fechner’s concept of psychical measurement, of the measurability of 
sensations, etc , gave rise to a controversy which still continues. We 
cannot discuss the points at issue m anything like adequate detail 
within the limits of the present book It must suffice to give a bnef 
indication of the position taken up m the following pages. 

2 No one will mamtain that we can measure sensations in the stiict, 
/.<?, spatial meaning of that term. For (i) they cannot be divided 
up into parts, — this sensation of ‘gray’ is not two or three of that other 
sensation of ‘gray’; and (2) there is no amount of sensation which 
can serve as the unit of measurement for all, smce we can neither 
set up any such unit, nor could apply it with certainty if it were set 
up We cannot, therefore, measure sensations by refeience to or by 
means of other sensations Neither can we, as things are, measure 
them by their functional relations to bodily processes (cf. § 4. 4). 
For (i) this would presuppose, at the very least, that we weie able to 
conceive of sensations as divided mto parts, and further to correlate 
these parts or degrees, which we had determined in idea, with physical 
measures The sensation s would then correspond to a physical 
magnitude p^ another sensation — say, 2s — to the magnitude 2/, and so 
on. But this method, however abstract we make it, is not applicable to 
sensations. (2) Again, sensations are not so entirely at our disposal 
that we can parallel them directly with external conditions, without 
any mediation of comparison and appreciation. If they were, we 
should not need to introduce such concepts as sensitivity and sensible 
discrimination, but could institute a direct comparison of sensations 
or sensation-differences and sthnuh or stimulus-differences. There are 
two possibilities of measurement in natural science * the direct procedure, 
which formulates a process in terms of a conventional unit of its own 
kind, and the indiiect, which gives it a quantitative expression by 
noting its functional relation to some directly measurable process 
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Neither is applicable to sensations. If we call what can be measured 
a 'magnitude', we must say, then, that sensation is not a magnitude ~ 
It may be remarked here that spatial magmtudes alone admit of 
direct measurement; and that the fundamental condition of exact 
measurement in natural science is, therefoie, the establishment of 
unequivocal functional relations between spatial magnitudes and ail 
other natural phenomena. 

3. But the objections which hold against the measurability of 
sensations, at any rate at the present time, fall to the ground when 
urged against sensitivity and sensible discrimination Direct measure- 
ment, of course, is impossible m their case ; that is sufficiently obvious 
But an indirect measurement is undoubtedly possible. There is no reason 
why we should not speak of a double or threefold sensitivity or 
sensible discrimination And the judgments of sensitivity and sensible 
discrimination are, certainly, simple correlates of the objects judged 
We measure a foice by the velocity which it imparts; we measure 
sensitivity and sensible discrimination, not by sensations, — which are 
unmeasurable, — but by the stimuli 01 stimulus-differences which enable 
us to determine their capacity. This plainly implies that the verbal reports, 
which are to be correlated with the stimuli, possess a certain reliabi- 
lity. And experience shows that the condition is fulfilled in two 
cases only, (i) when the judgment is dike’ or 'different’, and (2) when 
it IS 'present’ or ‘absent’ Now, as a matter of fact, all the psycho- 
logical measurement-methods are built up upon these two sets of 
judgments (and a few synonymous expressions), as passed upon stimuli 
or stimulus -differences. Upon their reliability, indeed, depend all 
kinds of measurement, including the direct procedure of natural science, 
however delicate and accurate be the instruments employed to assist 
observation We need haidly, then, bring any special arguments to 
justify their application m experimental psychology. They correspond 
to the widest of all the logical categories, identity and contradiction, 
being and not-being, and -must, accordingly, be postulated m every 
br^ch of thought and knowledge. It is often desirable, in view of 
the special object of an investigation, to give them a moie concrete 
form; and this usually suggests itself without difficulty. It is custom- 
ary, for instance, to indicate a definite kind of difference between 
two sensations by nammg one of them 'greater’ or 'less’. But this 
is no alteration in principle, since the judgment could just as well 
have been a simple ' different’, if previous explanation had been given 
of the nature of the comparison. 

4. The two terms in these two sets of judgments are not altogether 
upon an equality as regards contents. The predicates ' like ’ and 'absent ’ 
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are altogether unequivocal: their psychological meaning remains the 
same, whether they are asserted of sensations or of sensation-differences. 
But the judgments ^different’ and ‘present’ may mean various things 
sensations and sensation-differences can be present and different m all 
manner of ways. They are^ therefore, incapable of furnishing a 
measurement of definite magnitudes. To obviate this difficulty, they 
have been employed in a very special form The only ‘difterence’ 
and the only ‘presence’ which it has been attempted to ascertain are 
those which may be termed ‘just noticeable’, z which constitute 
limiting values between ‘different’ and ‘like’, on the one hand, and 
‘present’ and ‘absent’, on the other In this way we obtain the 
concept of the j'ust noticeable stimulus, as a measure of sensitivity 
(the mean between present and absent sensations), and the concept 
of the just noticeable stimulus- difference, as a measure of sensible 
discrimination (the mean between like and diffeient sensations). It is 
clear that determinations of this kind cannot be made on the basis 
of the sensations themselves, but must be obtained indirectly, by special 
methods, from the indications of sensitivity and sensible discrimination 
The sensations or sensation-differences which we charactense as ‘just 
present’ or ‘just different’ have no intrinsic advantage over others in 
introspection. If we should try to determine them, without more ado, 
by appeal to introspection, we should be subject to the same mistakes 
and hesitations as we should if we attempted to determine the half 
or double or threefold of a sensation or sensatiou-diffeience. It 
is only by the careful application of delicate methods that we can 
infer what is ‘just noticeable’ from general statements of the kind 
mentioned above. 

A further measure of sensitivity and sensible discrimination is afforded 
by stimuli and stimulus-differences which evoke sensations or sensation- 
differences judged to be ‘like’. In any given case of measurement, 
accordingly, we find the predicates ‘like’, ‘different’, and ‘present’ 
(the two latter in the special sense just explained) in direct application, 
while the judgment ‘absent’ is, naturally, apt to be applied only 
indirectly,— unless, indeed, it be synonymous with the term ‘like’, as 
referred to a sensation-difference In other words, the use of the 
psychophysical measurement-methods means the obtaining of stimuli 
and stimulus -differences which appear ‘like’ or are ‘just noticeable’. 

5. The outcome of these considerations may be made -clearer by 
a few concrete instances If we find that a light of the intensity i, 
directed upon the centre of the retina, produces the same impression 
as a light of the intensity |, directed upon some point m the lateral 
parts of the retina, we can formulate the result as follows: the sensitivity 
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in lateral stimulation stands to the sensitivity in central stimulation as 
I : or, is one-and-a-half times as great as the latter. The judgment 

upon which this measurement is based is that of the apparent equality 
(likeness) of the stimuli. We could have obtained that equality in a 
different way, — by the determination of the just noticeable brightness 
for the two retinal points. The higher the value of this brightness, 
the smaller would be the sensitivity which it measured * in other words, 
the magnitude of sensitivity is inversely proportional to the just notice- 
able or appaiently equal stimulus-magnitudes Again, we know that, 
other things equal, the intensity of a sound deci eases as the distance 
of its source from the ear increases' If we determine the distance of 
the just noticeable sound for different observers, and find that A can 
just hear an intensity i, while B hears only an intensity 3, we may 
say that sensitivity for intensities of sound is only one-third as 
great as that of A. To test sensible discrimination we proceed m 
precisely the same way Suppose that two weights of 100 and 120 gr. 
are found just noticeably different when they exert a pressure upon 
the palm of the resting hand, but that 100 and 104 gr. can be just 
distinguished if they are lifted and ‘weighed’. The stimulus -differences 
stand in the ratio 5.1, and the sensible discrimination m the first 
case is, consequently, only as great as it is in the second. In 
other words, the sensible discrimination is inversely proportional to 
the just noticeable difference. Again, if we find that two bnghtnesses, 
10 and II, present the same apparent difference as the bnghtnesses 
100 and 110, we may say that the sensible discrimination at jo is 
ten times as great as that at 100. In other words, the sensible dis- 
cnmination is also inversely proportional to the magnitude of the 
apparently equal difference 

6. The just noticeable stimulus is technically termed the sitmidus 
limen, and the just noticeable stimulus- difference the diffennce hmeuf 
The stimulus is generally denoted by the letter ?'[^], the stimulus-differ- 
ence (r — by the expression Ar (or D)^ the difference hmen 
by iS [^] For the stimulus limen we shall employ the symbol S A 
distinction is made — not very happily, as it involves the transference 
of relations which obtain between stimuli to the sensible discrimi- 


nation- — between an absolute and a relative sensible discrimination 
The magnitude Ar or absolutely regarded, gives a measure’ of the 
absolute sensible discrimination; its relation to the stimuli for which 


the difference holds, or — , 
r r 


expresses the relative sensible dis- 


crimination. When two stimuli are compared, it is usual to keep 

P] Re%z stinmlus [*] Sckwelle = hmen. 
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the one constant -while the other is varied* The former thus becomes, in 
a sense, the standard, to which the variable is referred for determi- 
nation. It is accordmgly termed the standard siimnlusy as dis- 

tinguished from the stimulus of comparison^ F[^] The relative sen- 

ISr S 

sible discriminahon is usually expressed in terms of N, as or ^ 


The aim of all measurement of sensitivity is the ascertainment of 
or the apparent equality (likeness) of two r, the aim of all measure- 
ment of sensible discrimination that of *9, or the apparent equality 
(likeness) of two tSr This difference in the objects of the measure- 
ment of sensitivity and sensible discrimination is indicated by a dif- 
ference m terminology The ascertainment of © is a stimulus deter- 
mination \ that of S a difference determination So the procedure which 
consists in effecting an apparent equality (likeness) of stimuli is 
termed stimulus comparison , that which leads to an apparent equality 
(likeness) of stimulus- differences, difference comparison Stimulus deter- 
mination and difference determination give absolute values, stimulus 
comparison and difference comparison relative Stimulus comparison by 
no means necessarily results in the correlation of subjective equality with 
objective equality of stimuli ; and apparent equality of stimulus-differences 
is not an index of their objective equality. It may very well happen that 
an apparently equal stimulus-difference corresponds not to an equal 
difference between stimuli, but to an equality of their ratios : /.tf., that 
r and appeal equally different with and not when r — = 

r r 

r^ — r,, but when - = — . This is, of course, in itself indifferent 

for the measurement of sensible disci imination. And it is, therefore^ 
also indifferent whether m particular the absolute or relative sensible 

Ar 

discrimmation, i,e , whether Ar or — is constant. 


7 . All these expressions are expressions of the magnitude of sensi- 
tivity or sensible discrimination, indicate their efficiency in face 
of absolute or relative values of determined or compared stimuli or 
stimulus-differences. But when a physicist, eg., is reporting a scien- 
tific observation, he is not content to give merely the observed or 
calculated average of a series of experimental figures, but states how 
far the separate results agreed with one another before their average 
was taken. It is equally desirable that we, too, should indicate the 
fluctuations which sensitivity and sensible discrimination undergo in 
presence of the same stimulus and stimulus -difference. The mean 
value of these fluctuations furnishes a measure of the delicacy of sen- 


fi] Normalreva. [*J VergletcMreisf, 
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sitivity or sensible discrimination The necessity of the introduction of 
this second rubric of measurement is shown by the fact that small 5 
have been found in various cases with relatively great vaiiations, and 
large S with compaiatively small variations Knowledge of the 
‘magnitude* of sensitivity and sensible discrimination in such cases 
would obviously be but a part of the knowledge requiied. 

No more is meant, here, by ‘fluctuations* of sensitivity and sen- 
sible discrimination, than the vacillation which we have seen (§ 5 2, e,g ) 
to result from the undulatory movements of attention. If we add 
together the errors ascribed to these in our previous equation, a, y, . . 
without regard to their + or — signs, and divide their sum by the 
number of observations, we obtain the mean fluctuation or (as it is 
usually termed) the mean variahon^ MV, As related to this, the 
probable value of the observation, which we called becomes the 
arithmetical mean, M, of the series M or B, then, affords a meas- 
ure of the magnitude of sensitivity or sensible disci imination, while 
MV gives a numeiical expression of its delicacy. Sensitivity and 
sensible discnmination are, here again, inversely proportional to the 
value obtained the smaller the MV, the greater their delicacy. 

The distinction of an absolute and relative sensitivity and sensible 
discrimination has an especial significance in this connection. As a 
general rule, it will be even more important to know their lelative 
delicacy than their absolute, since the accuracy of an observation is 
gauged not by the absolute magnitude of its average error, but by 
the quotient of that enor and M It will, therefore, be necessary to 
MV MV 

determine the value of or -r — etc., as well as that of MV 

r Ar 

8 Admission of the validity of a paiticular MV evidently pre- 
supposes the belief that the magmtude of sensitivity and sensible 
discrimination remained practically unchanged throughout the exper- 
imental series from which it was calculated In the absence of this 
belief it would be useless to reckon out the MV, as it would arouse 
au altogether erroneous idea of the course of sensitivity and sensible 
discrimination Suppose, e,g,, that the sensible discrimination increased 
twofold within a given series, that the just noticeable stimulus- 
difference was at the end only the half of what it had been at the 
beginmng: the mean variation might easily be disproportionately latge 
On the whole, however, it is safe to assume that magnitude and 
delicacy of sensitivity and sensible discrimination in the same 
mdividual are directly proportional To ascertain whether a senes 
is unfitted to serve as a basis of calculation, owing to the influence 
of practice or habituation or what not^ it is only necessary to divide 



§ 6 MEASUREMENT OF S. AND S, D. Si 

it up into a number of sub-senes (say, of 5 or 10 oqienments), and 
to compare the averages ol:>laiimd from these If their differences 
aie merely fortuitous and irregular, the series may be treated as a 
whole 

We distinguish these purely accidental fluctuations of judgment, 
due to the operation of variable factnis winch cancel oi compensate 
one another, from variations which show a definite tendency, i.e,, a 
continuous increase or decrease of sensitivity and sensible discnmina- 
tion. Such constant variation furnishes a very simple measure of the 
influences which occasion it; the amount of increase or decrease of^ 
sensitivity or sensible discrimination is a direct indication of the extent 
of their power They cannot be really avoided 01 eliminated (cf. 
what was said of piactice above, § 5 10). 

9 This constant variation is not to be confused with what are 
called constant errors, which can be eliminated by the pioper method- 
ical means They constitute positive or negative increments of the 
probable value of an observation, consequent upon diffeiences m the 
temporal or spatial position of the stimuli compaicd, that is, upon 
differences in the external conditions under which these stimuli affect 
the organism. If the two stimuli m question aie r and r^, and r 
regularly precedes r^, wc have a time error; if r and are pre- 
sented simultaneously, but r is always to the right and 7^ to the left, 
01 r always above and r^ below, wc have a space erroK Both errors can 
be quite simply eliminated. When observations with a paiticular tem- 
poral or spatial arrangement have given a paiticular mean value, M^, 
an equal number of observations is taken with the precisely opposite 
arrangement (r following r^, r to the left, r below, and so on), and 
gives the value M^. The arithmetical mean of and is free of 
constant errors. If both kinds of error are operative in the same 
mvestigation (as wheie pressure stimuli are applied successively at 
different points of the surface of the skin), foui series of observations 
must be made, and the arithmetical mean of and 

calculated. In either case tlic magnitude of a special error can be 
separately determined. Both elimination and determination are, of 
course, possible only if the conditions of judgment have been kept 
constant in all other respects 

The' reasons for the errors cannot be stated with any degree of 
certainty. The different sensitivity of the points of skin or retina 
stimulated may partly account for the space enor; the difference in 
the conditions of nervous excitation for the two stimuli may partially 
explain the time erroi. But both may be affected also by the differ- 
ence in the cii'cumstances under which the standard stimulus and 
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stimulus of compaiison are judged. In any event, we can make no 
general statement as to their direction and magnitude. 

10. The methods which can be employed for the formulation of 
the magnitude of sensitivity or sensible discrimination in terms of 
stimulus or difference deteimination, or stimulus or difference com- 
parison, may be denominated gradation methods and error methods 
In the abstract, any method can be employed for any object; but, 
as a matter of fact, theoretical foundation and practical application 
diffei in different cases The giadation methods make use of small 
and unifoim changes in stimuli and stimulus-differences to obtain the 
value requited, they measuie the magnitude of sensitivity and sensible 
discrimination in a lelatively direct and simple manner The erroi 
methods deduce the probable course of sensitivity and sensible dis- 
crimination from a large number of judgments, on the assumption that 
the errors made in the production or estimation of given stimuli or 
stimulus -differences bear a uniform relation to the delicacy of sensiti- 
vity and sensible discrimination the measurement of their magnitude 
IS here attended with certain difficulties The methods remain essen- 
tially the same, however different the problems which they are called 
upon to solve Our discussion can, therefore, most usefully be based 
upon this cardinal diffeience in procedure. 

Our space does not admit of a detailed examination of the individual measurement- 
methods The reader may refer to Wundt, Phys Psych , I. j Fechner, EUmente and 
Rcimton , MiiHer, Ztir Gfundlegung der Psychophysik^ 187S, Psychophystsche 
Method: k, Tilchener, Exp Psycli , II , 1905. • — 

The following table of the symbolic expressions explained m the previous paragraphs, 
and of some others which will be used m what follows, may be of service to the 
student. 

n, ^9, rt , ♦ . = stimulus (Any of the possible modifications 

of stimulus may be thus represented, stimulus 
form or stimulus intensity, stimulus duration 
or stimulus [spatial] magnitude.) 
tsr t==:D=:r — n, n — . . . = sUmulus-diffeience. 

S =:jubt noticeable = difference limen 

S =just noticeable : == stimulus limen, 

= absolute magnitude of sensible discnmination. 

= lelative magnitude of sensible discrimination, 

= standard stimulus. 

= stimulus of comparison, 

5= arithmetical mean, 
sstmean variation. 

a= relative delicacy of sensitivity. 


.S' 

Ar S 
r ^ 'r 
N 
V 
M 
MV 
MV 
r 
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MV 


MV 

N 


= relative delicacy of sensible discrimination 


r or 
A 

r or 


Ar 


c= subliminal (unnoticeable) stimulus oi stimulus-difference. 

= supialimmal (more than just noticeable) sti- 
mulus or stimulus-difference. 

Subjective or apparent equality (likeness) of stiinuli oi stimulus-differences we 
shall denote by the sign |||, subjective oi appaient diffeicuce in the sense of ‘greater’ 
(‘stronger’, etc) by > , and subjective or apparent difference in the sense of ‘less’ 
(‘weaker’, etc.) by <:, 


§ 7. The Gradation Methods. 

I. Charactenstic of all the gradation methods is the continuance 
of small, unnoticeable changes of stimuli or stimulus -diffciences in a 
constant direction, until a corresponding change takes place in the 
judgment of the observei Thus, if we set out from an objective and 
subjective equality of stimuli, and seek to discover at what point the 
one of them becomes just noticeably different from the other, we shall 
take a large number of shoit steps in the direction of difference, and 
note at what objective pomt of change the subjective cognition of 
difference arises It is not necessary to bnng reasons m support of 
this slow advance, since the accuracy of determination must obviously 
be proportional to the number of values bordering upon the required 
value which the observer has opportumty to judge The delicacy of 
physical measurements enables us to make our steps comparatively 
very small. Their number and magnitude are, as a rule, inversely 
proportional to each other. How large they must be, or how numerous 
they may be, m a particular case, will depend upon the magnitude of 
sensible discrimination or sensitivity To minimise the influence of 
e'xpectation, fatigue, and habituation, it is usual to interpolate but few 
steps, — perhaps five, — between two different judgments The steps are 
best made fairly large at first, and afterwards diminished, so that the 
level at which the change of judgment takes place is defined as ac- 
curately as may be The judgments themselves should be recorded 
at once, under the immediate influence of the impressions, smee they 
are me^t to be simply a reproduction of these, and must not admit 
any modifying or reinforcing extraneous processes, — or, m other words, 
since the indirect sensitivity and sensible discnmination are meant to 
be, as far as possible, a true copy of the direct. If an assured judg* 
ment is for some reason impossible, the experiment must be repeated, 
and no reliance placed upon the recoveiy of the lost assurance by 
reflection and memory. 



54 


DOCTRINE OF ELEMENTS SENSATIONS, 


2. But the limiting value which we obtain in this maimer cannot 
be regarded as furnishing in itself an adequate measure of sensitivity 
and sensible discrimination For every fiesh step in the duectiori of 
the required change of judgment adds to the probability of its occur- 
rence, so that, as a general rule, it will take place earlier than might 
be expected imdei normal conditions The chief psychological cause 
of this phenomenon must be sought in expectation. The subject 
knows that the stimuli aie undergoing continuous alteration, and that 
the obj’ect of the experiment is to bring about a change of judgment. 
He natmally inclines, theiefoie, to let his judgment change. In certain 
cases this tendency can be compensated by the antagonistic mfluence 
of habituation But we can never be quite certain that the change 
of judgment really corresponds to the just noticeable alteration It 
was, theicfore, proposed by G. E Muller that this method should 
always be combined with a reversal of piocedure, that when the first 
change of judgment had been effected, the experimenter should work 
in the opposite direction, from a supraliminal value of the object of 
judgment back to its original value. If, for instance, we began with 
the subjective equality of r and and brought about a noticeable 
difference between them by a gradual alteration of r , we should after- 
wards begin again with a clear difference between them, and gradually 
diminish it until it became unnoticeable. The new judgment of 
equality in the latter case must, for the reasons alleged above, come 
somewhat too soon, the objective difference be too large. Then, 
by taking the mean of the two Ar, we may hope to have obtained 
a probable expression of the sensible discrimination. If this combi- 
nation of procedures is to be of any real worth, however, the number 
and magnitude of the steps must be the same in both directions. To 
ensure this similarity, in cases where the method begins with a 
supraliminal stimulus or stimulus- difference, Wundt proposed further 
that the experiments should be continued beyond the point at which 
the judgment changed to one at which the stimulus-difference was 
quite clear, and that the reversed procedure should start from this 
latter. Under these circumstances the number and size of the steps 
can be regulated with a fair degree of certainty. 

3 . It will easily be understood that a procedure by gradation, 
such as we have here sketched, is equally useful for stimulus deter- 
mination and stimulus comparison, for difference determination and 
difference comparison. It is, therefore, an undesirable usage which 
distinguishes a method of just noticeable differences or of least dif- 
ferences from a method of supraliminal differences or mean gradations 
and a method of just noticeable stimuh and equivalents. For these 
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differences of name do not correspond to differences of method, but 
merelx to differences in the object of inquiry The procedure is 
precisely the same in all the special methodical developments The 
method of just noticeable or least differences consists simply in its 
application to difference determination, the method of supraliminal 
differences or mean gradations m its application to difference com- 
parison. In the same way, the method of just noticeable stimuli 
applies it to stimulus determination, that of equivalents to stimulus 
comparison The titles in ordinary use are further undesirable, for 
the reason that they make it appear as if values like S, r, HI r^, 
etc , could not be determined in other ways, by means of the error 
methods. We shall, therefore, in what follows, treat of the procedme 
by gradation under the single rubric of the method of mtnmal changes 
(Wundt), and indicate its applicability in different departments of investiga- 
tion under the four headings explained above,— stimulus determination, 
stimulus comparison, difference determination, and difference comparison. 

I The Method of Minimal Changes m its Application to 
Stimulus Determination (Method of Just Noticeable 

Stimuli), 


4. Fig I gives a schema of this method. Magnitudes of the stimulus 
employed in the investigation are supposed to be arranged m as- 
cending order along the vertical AB^ extending 
from the subliminal (at A) to the supraliminal 
(at jB) through all possible intermediate stages 
The experiments begin at The stimulus r is 
changed, by very small positive increments, until 
the judgment is made that a sensation is present 
,to consciousness. The corresponding stimulus 
value (e^) is entered m the experimenter’s record. 

From this point on the increase is continued, by 
quick removes, not specially noted in the schema, 
until a stimulus ^ is reached, which is clearly 

supraiimmal. Now begins an alteration of r by 
very pmall negative mcrements, which is continued to unnoticeability, 
te., until the judgment is made that there is no longer any sensation 
present. The coiresponding stimulus value (6J is again entered m 
the record. Taking the mean of the two values and we have: 
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the stimulus limen for the particular senes of observations The 
number of constant and accidental enors to which sensitivity is liable 
renders it desirable to repeat the series several times over, and to 
calculate the average of the various limens,— provided that they do 
not show any constant increase or decrease. Moreover, the method 
must begin alternately with y and in these senes, for the elimination 
of a possible constant error attending the choice of either. 

This method of stimulus determination admits of application to all 
those limens of sensibility which we have already mentioned (§ 4 8), 
as well as to the limits of modal sensitivity. Suppose, e.g , that we 
are determining the intensive stimulus limen for pressure sensations 
at the tip of the finger. We begin by placing a weight of i mgr 
upon the surface of the skin; then 3 mgr , and then 4 mgr., —at 
which point the subject notices a gentle pressure. We then pass to 
7 and 9 mgr., with which latter the sensation of pressure is tolerably 
clear. Travelling m the opposite direction from 9 to 7 and onwards, 
we find that 6 mgr. are not noticed The pressure limen is then 

6 *4“ 4 

— - — xsr 3 mgr. The magnitude of sensitivity for pressure stimuli at 
the tip of the finger would consequently be since sensitivity m 
general may be regarded as = 

11 . The Method of Minimal Changes in its Application 
to Stimulus Comparison (Method of Equivalents) 

5. The schema of this method, given in Fig. 2, is very similar in 
appearance to that of the former. The stimulus magnitudes here, 
however, need not be restricted to the limen, 
but may be all supraliminal We denote by r 
the standard stimulus, which remains constant 
throughout the experiment, by the stimulus 
of comparison, which is to be made equal to 
r. The method begins with a value of 
which is clearly smaller than r\ then passes, 
by the familiar short steps, to a judgment of 
equality (ascending), proceeds by quick re- 
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moves to an which is clearly greater than r; 
I and there turns back, continuing until a second 

— judgment of equality (descending) occurs The 
mean of the two corresponding stimulus mag- 
nitudes is taken, and may be looked upon as 
the true 1|1 n For the elimination of constant errors it is neces- 


Fig. 2. 
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sary not only .to vary the starting point of the whole procedure, but 
also the tempoial or spatial position of the two stimuli 

This method may also be employed to test all kinds of sensibihty, 
and to measure the modal sensitivity in the case of diffeient observers. 
We may put the matter in the form of an equation* 

Sensitivity : Sensitivity j, ^ r, 

which expresses the fact that the sensitivity of one observer (or of 
one portion of the skin, under certain circumstances) stands to the 
sensitivity of another observer (or of another portion of the skin, 
under other circumstances) inversely as the apparently equal stimuli 
in corresponding experiments. Suppose, that the pressure sen- 
sitivity with stimulation of the finger-tip is to be compared with the 
same sensitivity with stimulation of the back of the hand Let a 
pressure of 5 gr. on the former serve as standard stimulus. The 
application of the method as described above may give a pressure 
of 2 gr. as Its equivalent. The sensitivity of the back of the hand 
IS then 2\ tunes as great as that of the finger-tip From this we 
can calculate that the stimulus limen, which we found to be 5 mgr. 
for the finger-tip, will be 2 mgr for the back of the hand; in other 
words, that the sensitivity is here -J, while it was previously -J-. — The 
production of minimal stimuli and of minimal changes in them is 
often so difficult that stunulus comparison, with its application of 
supraliminal magnitudes, has been very extensively employed to test 
sensitivity It must, however, be remembered that only those stimuli 
should be chosen for companson which can be readily and certamly 
judged, and which can claim the relatively largest noticeability for the 
relatively smallest alterations. Stimuli which are too weak or too 
strong, too small or too large, too short or too long, must be a\roided; 
though no more defimte rules can be laid down.— It is customary, in 
physical photometry, to make the subjective equality of two uniformly 
variable light intensities the criterion of their objective equality In 
such work, the method of minimal changes might serviceably be 
employed, and the precautions which it suggests profitably observed. 

Ill, The Method of Minimal Changes in its Application 
to Difference Determination (Method of Just 
' Noticeable or Least Differences; also termed 
Method of Minimal Changes, in the 
nairower sense). 

6. The just noticeable difieience between two stimuli can be deter^ 
mined in two ways, by a gradual increase and by a gradual decrease 
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of the stunulus of compausoa This twofold procedure (schematised 
lu Fig. 3) gives two difierence hinens, which are termed the upper 
(F = increased) and the lower (V = ri decreased) respectively. 
The usual starting point of the experiment is the apparent equality 
of the two stimuli (r ||| r^). The increase and 



decrease of must be regularly alternated^ 
for the elimination of constant errors. 

Suppose that we first of all make 
the stimulus difference is recorded as A r^o [^]. 
We then increase to A^; and from that 

point return to [|1 r, or the apparent dis- 
appearance of the difference (recorded as 
We thus have 

. V iSt'o + . o 1 

~ . the upper 

difference hmen 

We then go on to decrease still further, 
to the apparent difference < r, which 
record as tsFu [^] From that we proceed to 
a A/, and then again return to an apparent 
equality, at the difference A?'^'«. We thus have 
:^=:A?'« = Su\ the lower difference hmen. 


From these two we can determine 

^ the mean difference limen. 


If we make r + and r — Sxi =■ ru^ we obtain 

(4) n, — S ^ Tu + S =: R I the estimation value of the stimulus 
r, and 

(5) db (i? — 5^) = A, the estimation error or estimation difference. 
Substituting in equation (4) the original expressions for or and 

5 , we get the following for R and A 


{ 4 «) 


R = r + 



( 5 «) 

2 

If A = o, i.e., So = Sti, we have found constancy of the absolute 
sensible discrimination* if A is positive, i.e,, So :> 5 «, a decrease of 
the absolute sensible discrimination with increasmg r: if A is negative, 
ue,, Sa c Sui an increase of the absolute sensible discrimination with 


[q 0 ^ ^over\ u = 'under ’4 
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increasing r. "In the first case i? = r, r is conectly estim<(ted; 
in the second R :> r, t,e ^ r is overestimated; in the thiid R a r, 
te , r IS underestimated Sensible discrimination can, therefore, be 
expressed in terms of R and A, as well as by So, Su, and 5 
7. But the method can be employed in still more ways, and gives 
still other test- values. Thus, in cases where it is desirable to ast‘er- 
tain by a rapid procedure the dependency of sensible discrimination 
on the magnitude of the stimuli, it is sufficient to determine the upper 
difference limen only. Again, it is not necessary to begin at 
a supraliminal Ar may be made the starting point. This will be 
especially convenient where ||| r does not correspond to = r, owing 
to constant errors or other circumstances. Again, to eliminate constant 
errors, the expenmenter must vary not only the temporal or spatial 
position of standard stimulus and stimulus of comparison, but also the 
direction m which is altered If he starts out from ||| r, e,g , he 
must begin by increasing as often as he begins by decreasing it, 
and arrange the order of his determinations by reference to the begin- 
ning. Further, the course of sensible discrimination can be expressed 

not only by So, Su, S, A and R, but by and — , which are 
termed limens of relation If = Vo is the upper limen of relation, 


and — = Vu. the lower, then 


Y Vo 


Vu 




t. K. SHIVA*' ;'?' 

CShstaic-tfv ' ' 


is the mean limen of relation. These values are used in particular, 
So Su S 

with — — and — to characterise the relative sensible discnmi- 


nation. 

An illustration will serve to make the matter clearer Suppose that 
we have a standard stimulus of 90 gr. given us, and that we are 
required to find the stimulus of companson which is just noticeably 
different from it. We apply first standard weight and then variable 
weight to the surface of the skin, and note that at r^ = 90 gr. the 
two stimuli are judged to be subjectively equal. Gradual increase of 
r^ then leads to a > r {t.e., to r^o} at 95 gr A further increase, to 
100 gr., makes the difference very apparent. Gradual decrease of the 
100 gr. leads to a | 1 | r (*>., to r^'o) at 97 gr. We thus have 

^ — y = 6. Continuing to decrease 

beyond the limits of the judgment of equality, we obtain a 
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r '„) at 85 gr.; and then, returning from 80 gr, upwards, a ||| r 
(«.«., r "„) at 84. We thus have ^ = 84-5, and Ar„ = 

»'-r« = 5-5. Averaging, we get - ^ while 

ro — , 5 '= a = 90-25, and therefore A = ± (J? — r) = + 0-25 = 

The absolute sensible discrimination is therefore not constant, but 
decreases with increase of the stimulus magnitude. Whether the relative 
sensible discrimination is constant cannot be inferred with certainty, 
as Ar^ ^ and Ar« lie too near together. A calculation of the limens 
of relation gives Va = Vu = approximately and consequently 
7 ) = approximately ^1. This makes a constancy of the relative sensible 
discnmmation probable 


IV The Method of Minimal Changes in its Application 
to Difference Comparison (Method of Supraliminal 
Differences or Mean Gradations). 

8. To determine directly the apparent equality of two stimulus 
differences r, and r, =. Ar„ it is best to employ the 

method of minimal changes in the manner schematised m Fig. 4. Two 
of the three stimuli (those farthest apart from one another, r and r,) 

are kept constant, and the third (the inter- 
mediate r^) varied. A clear difference of 
Ar^ and Ar^ (say Ar^ > A^'^) is chosen 
as the starting point of the experiment, and 
increased, in the familiar way, until 




--s£W:r^ 


I 


I 


-iTg niJr/ 

AriE4r, 


■mJP 


Fig. 4* 


^0 "I" ^ t^u "f" 


This is then further in- 
creased, until a difference in the opposite 
direction is quite distinct (A^-j^Ar^); 
and then again decreased until the” differ- 
ence becomes minoticeable. In both cases 
the gradation can be extended to apparent 
inequality of the differences. The procedure 
gives four values of r^, the average of which 
is taken. If the two values obtained in the 
direction ^ to A* are termed r'^ and r^'o, 
and the two obtained in the direction £ 
to A are termed and the quotient 

is the magnitude of which corresponds to 
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the probable , subjective equality of the two differences. If br^ > 
the absolute sensible discrimination has decreased with increasing 
magnitude of the stimuli; if l\r^c.br^, it has increased; if ^ 
br^, it has remained constant In the latter event when 
br^ III br^ corresponds to br^ = br^), must be the anthmetical 
mean between r and r^. If, on the other hand, the relative sensible 
discrimination is constant, br^ must be > br^, when the two are 
apparently equal : the proportion being r • r^=r^ : r^, or — Yr~T^. 
The dependency of sensible discrimination upon the magnitude of the 
stimuli can, therefore, be very simply tested by the calculation of 7\ 
as the geometrical and aiithmetical means of r and and the com- 
parison of these calculated values with the obtained by experiment. 

9. Difference comparison was introduced into psychophysics by 
Plateau, It bears the same relation to difference deteimmation as 
IS borne by stimulus comparison to stimulus determination. It can 
be used with difference determination to measure sensible discrimina- 
tion, just as the two stimulus methods can be used together to meas- 
ure sensitivity As a general rule, it is the more direct path to 
knowledge of the course of sensible discrimination. Moreovei, since two 
just noticeable differences may be regarded as two subjectively equal 
differences, its results can be employed to check one another Constant 
errors, dependent upon the direction of the experiments and the 
temporal or spatial position of the stimuli, must be ehminated here, 
as always, by a regular alternation of conditions. With regard to the 
choice of stimuli, it is usually best to take such as present a consider- 
able difference For (i) the relative accuracy of estimation is thereby 
increased . — it has been found that the MV does not increase proportion- 
ally to the stimulus differences ; and (2) the greater the distance from 
r to r j, the greater are the technical accuracy and the possibility of variation 
in the piocedure by gradation The statement made above, that it is 
desirable to keep r and constant, and to vary until the two 
differences and are subjectively equal, is based upon the 

obvious consideration that the sensible discrimination can be more 
exactly determined if the limitmg stimuli remain unaltered. The two 
differences thus become mutually regulative ; change m the one means 
simultaneous change in the other La-stly : it has sometimes been objected 
to the method, that the magnitude of supralunmal sensation differences 
cannot be experimentally adjusted to allow of comparison either as 
between different observers, or for the same observer at different times 
But a similar objection might be urged with regard to just noticeable 
sensation differences. And it is altogether irrelevant to the measurement 
of sensible discnmination. Sensations and sensation differences cannot 



62 


DOCTRINE OF ELEMENTS; SENSATIONS 

be measured at all (§ 6. 2—5); and any possible change that they 
may undergo is, consequently, wholly indifferent to us. 

We may again conclude with an illustration Suppose that we have 
given us the pressure stimulus r = 15 gr , = 135 gr.; and that 

we are required to find by gradation an intermediate stimulus of 
such a magnitude that the difference — r = is apparently 

equal to the difference IS We begin with 15, = 

30, rg = 135. The is gradually increased, until subjective equality 
(Ar^ III A^g) is reached at 7 \ = 42 It is then still further 

inci eased, till > Arg at = 49 {r^^o) The same procedure is 
now repeated from =60; and Fu foimd at 48, and at 41. We 

thus have the stimulus differences are 

4 

subjectively equal when = 45 gr In this case 30, A = go 

there is no constancy of the absolute sensible discrimination The 
same result is reached by comparing with the arithmetical mean 
of r and — 75, it is too small by 30 gr. On the other 
hand, the decrease of the absolute sensible discrimination is directly 
proportional to the increase of the stimuli It decreases in the ratio 
3 I, while the stimuli form a geometrical series with the exponent 3. 
But if the absolute sensible discrimination deci eases as the stimuli 
increase, the relative sensible discrimination must be constant. We 

find, as a matter of fact, that not only ^ but r. = 

V K rg- Now we know already that a pressure of 96 gr. is just 
noticeably different from a pressure of 90 gr It follows at once, that 
for 15 gr. S must = i, for 45 gr. and for 135 gr. = 9 The 

quotient , which expresses the relative sensible discrimination, is 

therefore constant, at This result is in complete agreement with 
the value previously obtained for z'—- h|. 

10- There are still one or two general considerations which must 
receive attention before our presentment of the procedure by grada- 
tion can be regarded as complete, (i) It must be emphasised, in the 
first place, that the method of minimal changes always implies the 
procedure with knowledge. It is true that the direction of the first 
series of changes in difference determination, e,g,^ may not be blear 
to the subj'ect. But since the further course of the method is perfectly 
plain to any one famihar with it, when once this initial direction has 
been made out, it is better to secure uniformity of experimental con- 
ditions by following the procedure with knowledge from the outset 
All that the observer has to do, under these circumstances, is to 
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express the contents of his intiospection as impartially and conscien- 
tiously as possible. (2) It is further desirable to keep the direction of 
mdgment consi-ant, wherever the compaiison of two or more stimuli 
IS involved. By constancy of the ‘direction of judgment^ we mean 
constant adherence to the rule that the second stimulus or stimulus- 
difference is to be judged in its relation to the first, so that, if r.^ is 
the second stimulus, eg, the expressions ‘greater’, Mess’, ‘equal’ 
'always signify > r, r, ||| r This constancy is valuable 

m two ways, {d) It greatly facilitates the naming of the introspective 
contents, and secures definiteness and steadiness of attention and 
expectation (^) It is a condition of any real elimination of constant 
errors. An increase of as second stimulus corresponds to the 
judgment ‘greater’; its increase as first stimulus to the judgment ‘less’. 
Now since the time error is certainly dependent, in part, upon this 
direction of judgment, it could not be really eliminated, unless the 
rule of constant direction were applied in turn to each of the stimuli. 
We know nothing with any ceitainty, however, of the influence of the 
direction of judgment. Systematic experiments upon the subject would 
be welcome. 

II. Our account of the method of minimal changes has not in- 
cluded any special reference to its applicability to the measuiement 
of the delicacy of sensitivity and sensible discrimination The delicac}/- 
of sensitivity and sensible discrimination is measured by the inverse 
value of the MV\ and this is obtained by the calculation of the aver- 
age divergence of a number of similar observations horn their arith- 
metical mean (§ 6. 7, 8). Thus the MV m Method L can be deter- 
mined by the combination of the various or of the particular 
experimental series, and the in Method III, by that of the coi- 
responding values of So, Sn and S always provided that no constancy 
. of vanation is discoverable A very interesting question arises in this 
connection, — that of the relation between the (absolute and relative) 
delicacy and the (absolute and relative) magnitude of sensitivity and 
sensible discrimination, No systematic attempt to answer it has as 
yet been made. 

It will easily be seen that in a procedure with knowledge, such as 
is presupposed by the method of minimal changes, the magniittde and 
number of the gradations intioduced must exercise a considerable 
influence upon judgment. The most characteristic effects are those 
produced upon expectation and habituation. It has been found, 
in experiments by Method IV., that alteration of the starting point 
of the variable r.^ is regularly followed by alteration of the values 
r^u, etc., if the subject has become habituated to a definite 
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number of gradations. This shows two things: the very great influ- 
ence of habituation;, and the importance of strict adherence to the 
procedure with knowledge which the principle of the method of 
minimal changes reqmres, if any valid results are to be gamed by an 
examination of sensitivity or sensible discnmination. If the observer 
knows that the numbei and size of the steps will vary ii regularly, 
he will naturally make allowances for the fact in attention and expecta- 
tion. This would seem to indicate that it is well not to accustom 
him to a regularly recurrent number of gradations. But at present 
we have not enough expenmental material to enable us to decide 
with any degree of confidence upon the best method of woiking, oi 
to say anythmg definite as to the range and character of the influ- 
ences to which we have drawn attention 

§ 8, The Error Methods, 

I. The foregoing consideration of the gradation methods has shown 
us that the accuracy of sensitivity and sensible discnmination falls 
very far short of the accuracy of measurement or production of stimuli 
m physics or chemistry One and the same judgment of equality, 
for example, may correspond to a whole zone of stimulus differences; 
a complete series of urmoticeable changes may have taken place on 
the objective side, before there is any awareness of then existence or 
direction on the subjective. It has shown us, farther, that our obser- 
vations are liable to accidental variation, as a result of which the same 
judgment does not always recur at the same level of stimulus altera- 
tion in diflerent experiments. It is natural to regard these incon- 
gruities between the judgments of sensitivity and sensible discrimination 
and the objective stimulus values as ‘errors’, in the sense in which 
the word is used in natural science , and to make their magnitude or 
number the basis of an estimation of the magnitude or delicacy of 
sensitivity and sensible discnmination- Thus the analogy has given 
rise to the two error methods: the method of right and zorcng cases 
and the method of average error. In the former, a constant stimulus 
or stimulus-difference is made the object of judgment in a large 
number of experiments, each judgment recorded, and the proportions 
of the various judgments calculated. In the latter, a stimulus or 
stimulus-difference is presented to the subject, and he is requiied to 
reproduce it; and the differences between standard stimulus and 
stimulus of comparison in a senes of experiments are employed for 
the determination of the sensitivity. The range of applicability of 
the first method is plainly greater than that of the second, which 
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presupposes two or more stimuli, and admits no judgment except that 
of equality 

2. If we assert that the formulae employed in the mathematical 
theory of errors of observation are capable of direct application to 
psychophysical investigations, we obviously do so upon the assiimp^ 
tipn that the deviations from the most probable value in psychophysics 
are of the same kind as the deviations from the probable value with 
which mathematics is concerned. The latter are subject to the 
following general rules, (i) The errors must occur m continuous 
gradation from o to dr or, since the t^-limit cannot be defined 
with certainty, from o to dr 00. (The extension is indifferent in 
practice.) In other words, the errors must not be of one definite 
magnitude, or fall withm a series of definite magnitudes, but must 
appear in all the different magnitudes possible withm the stated 
limits. (2) The larger errors must occur less often than the smaller, 
and the maximum of frequency must be attained by the error o. 
(3) Positve errors must appear as often as negative , i e,, the sum of 
the positive must be equal to the sum of the negative We may 
take It for granted that these conditions are realised in what we have 
called the ‘accidental variations’ of sensitivity and sensible discrimina- 
tion * if only for the reason that the errors of observation with which 
the mathematical theory has principally to deal are really nothing 
else than accidental variations in the judgments of this same sensiti- 
vity or sensible discrimination. If, then, we are able to abstract 
from constant variations, we may have recourse for our special purpose 
not only to the general law of the distribution of errors, but also to 
the special formulae for the probability of an error of definite magnitude 
or of the errors within certain fixed limits. — We need do no moie than 
glance very briefly at the values and formulae which the mathematical 
.theory of errors of observation employs. 


The relative frequency of the various errors can be best indicated by a curve 
of the form shown in Fig. 5 The abscissae give the magnitude of the errors (5), 
the ordinates their relative frequency or probability. The curve reaches its maxi- 
mum at the va’ue 5=0. From this point it falls on either side, —symmetrically, 
since the probabilities of positive and negative errors are equal; and approaches 
the axis of abscissae asymptotically by a comparatively quick descent. The 
relative* frequency of an error of definite magnitude a is expressed by the equa- 
tion p] 



where h denotes the ^measure of precision* 


of the observation (Gauss), a constant 


p] W= Wahrschetnhchke%ty probability 


5 
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bearing m general an inverse latio to the magnitude of an error, n is Ludolf’a 

h 

number, and e the base of the natural logarithms For a==o, TV = — 

“ V 7t 

For oui purposes, it is of more impoitance to know the piobabihty of eirors which 



]ic between ceitain fixed limits Since they constitute a senes with continuous 
gradations, their sum can only be expicssed by an integral If we makeA^=2^, 
the probability of the errois between the limits o and -f-oo is. 


-h 00 
=r 

0 


-f- oo 



o 


In the same way we obtain 

-b oo 



— oo 


And similaily, 
4“ 8 will be • 


the relative frequency of the errors between the limits o and 




hS = t 




dt 


This integral may be legaided as the expression of an area, which in Fig 5 is 
bounded by the ordinates ujion = o and ^ = a Its value has been calculated, 
and a table of the various values of t consbmcted, in which the values of IF from 
t — o onwards are given Thus, if 100 observations have been taken, we have, 
according to the table, 


for values from to 1?:= 0-5 a ^^=0-52 or 52 errors, 

» » ^=0’5 to ?=:I‘0 „ „ =032 „ 32 „ 

« » » i=io to f=r'5 „ „ =013 „ 13 „ 

« » » jf = l 5 to if =:= 2 0 „ „ = 0 02 „ 2 „ 

How quickly the probabihty decreases as the errors increase is shown by the fact 
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that for the range of values 2f=2‘0 to ^=oo there is only one error left in the 
senes of lOO observations ( 52 -|~ 32 -|“ i 3-|-2 = 99) 

Fechner has somewhat modified the table given m the text-books of probability, 
for the special purposes of psychophysics, where we are concerned to determine 
the t= hd from the relative frequency of judgments made, and / = o is assumed 
for a certam relative number of right cases. Cf EIe 7 n d Psychophys , 1 ^ 108-111, 
hevtstofi der HauptpunHe der Psychophys,^ 66 f. ; Ahhandhing d, KomgU Sachs. 
Ges d, Wiss., XX., 206 ff 

Gauss* law of error is stnctly valid only for an mfinitely large number of ob- 
servations. A large number of expenments must always be made, if it is to 
be fruitfully applied. It is very necessary to prevent the co-operation of external 
physical errors of any magnitude. 

In place of the mean variation {MV\ many expenmen ters prefer to use the moie 
exact value of the average error {MR) [^], of the particulai deviations from the 
arithmetical mean. The formula is 


where ^1, » ... are the various deviations from the anthmetical mean, used 

irrespectively of their -j- or — sign; n the number of observations; and 2 the 

sign of summation. If n is small, it is usual to introduce a coiTection into the 
formula, by wnting n — i m the denominatoi instead of n 

The measure of precision, and the MR stand in the simple relation: 

, I * * 

A = or MR = 

MR y ^ hy 7 t 

Lastly, the probable error {w) is defined as that magnitude of error which is 
as often exceeded as not reached; z.tf, for which the error integial has the value 
o 5. The corresponding value of t m the table mentioned above is 
t = 0*476936 = hw. 

We can also determine w by the following formula: 

^_ o ;^489 ^45347 _ 

y n y n 


which presupposes the relation obtaining when the number of expenments is very 
large,— _ 7^ 

= Vt = '"5” ■ • • 

I. The Method of Right and Wrong Cases " ,, 


MR 

MV 


3. The method of right and wrong cases can be employed in as 
many ways and for as many purposes as that of minimal changes. 
So far, however, the theory of it has been worked out only for the 
three rubrics of stimulus determination, difference determination, and 

[1] F = Rehler^ error. 
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difference comparison ; and in practice it has been principally used for 
difference determination Psychophysicists are, moreover, not so unani- 
mous in their views of the mathematical treatment of the expeiimental 
data,' the measure of sensible discrimination which the method affords, 
etc., as they are with regard to the essentials of the method of minimal 
changes. It is not too much to say that the theory of the method 
still an open chapter, and that experiments by it have not yet been made 
in sufficient numbers to permit of our passing any confident judgment 
upon the trustworthiness of the values obtained or the true functions 
of the method in general. We cannot attempt in the present connection 
to fill out these lacunse, to appreciate the various points of criticism, 
or to modify the principles of the method in accordance with our own 
opinions We shall only refer to the most important discussions in 
the literature, and indicate the course which the method ordinarily 
follows in practice. The reader who desires fuller information may 
turn to the works already cited, and in particular to the articles by 
J. Merkel in the Phil, Siudien (VIL, 558; VIII., 97)' Theoretische und 
expenmenielle Begimndung der Feklermethoden, We shall further restrict 
our present discussion to the single case of difference determination, 
since this has received the largest share both of theoretical considera- 
tion and practical illustration. 

4 Suppose that we have a stimulus difference i!? = rg — rj, which 
is very little S S; te., which cannot always be cognised, even with 
apparently equal concentration of the attention and under similar ob- 
jective conditions. (If we have no idea at all of the value of Sj the P 
required can easily be found in a series of preliminary experiments ) 
The subject is allowed to judge of this Z>, which is kept constant, 
say 100 times. In a certain proportion of cases the judgment will be 
correct, te,, we shall have I)\]\ + {r^ — rj; in a certain proportion 
it will be incorrect, t.e , the estimate will be or Z) ||| — {r^ — 

and in yet another proportion we shall obtain ^2 or Z>|||o Be- 
sides these three categories of judgment, the first few series of experiments 
generally require a fourth, for ' doubtful’ cases; t.e , cases in which the 
subject cognises a difference, but is unable to characterise its direc- 
tion,— in which D\\\±{r^ — r^), No special rubric is made for them, 
however; since (i) they disappear as practice advances, and (2) can 
obviously be counted, while they occur, half to the correct and half 
to the incorrect judgments. If n is the number of observations, then 
[^], and 


(t) 


-+i+i 

n n n 


I. 


[q r == richfigf correct, / = faUch, mcorrcct , g = gletch, equal. 
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The question now is* how we can obtain from the relative propor- 
tions, of right, wrong and equal cases, a measure of sensible discrim- 
ination, which will give us numeiical statements of its magnitude 
and delicacy analogous to those furnished by the method of minimal 
changes; how, equation (i) being given, and the size of D known, 
we can arrive at a general foimulation of this magnitude and delicacy 
Fechner has answered the latter part of the question, and G. E, Muller 
the former 

5 The sensible discrimination m difference determination can be 
measured either by the difference limen, or by the mean fluctua- 
tion, MV or MF The fiist thing to do, then, is to discover from 

T f ^ O 

the values of — and — for some particular Z>, the value of = o. 

n n n ^ 

In the same way, a value must be found, which stands m a definite 
relation to the MV or MF Now when we were calculating & and 5 k 
by the gradation method, we were led by the consideiation of certain 
sources of error to make them the mean between the first noticeable 
difference and the first unnoticeable difference; and we accordingly 
defined S as that stimulus difference which constitutes the limiting value 
between the noticeable and the unnoticeable (cf. § 7. 2, 6) Apply- 
ing this definition in the present case, we may say that 5 is that 
stimulus difference which is just as often cognised (correctly judged) 
as not cognised (incorrectly judged). The probability of a correct 
estimation of S is then equal to the probability of its incorrect esti- 
mation: each = We can, therefore, designate S (on the analogy 
of the probable error) the probable difference limen. And this gives 
us the first relation required,— that between S and the three classes 

Y / + g 

of judgments. For Z?= we must have 

Again, we have just seen (§ 8. 2) that MF and h stand in the 
simple functional relation of inverse proportion. The delicacy of 
sensible discrimination can, therefore, be measured directly by h as 
well as inversely by MF or MV. It is only necessary to be quite 
sure, in this case also, that there has been no considerable interfer- 
ence of errors independent of sensible discrimination; in other words, 
that h really expi esses sensible discrimination, and not possible irreg- 
ularities of a technical and physical kmd. The same caution applies, 
for that matter, to the measurement of the magnitude of sensible dis- 


crimination ; the ratio = i ^tist be wholly ascribable to accidental 

sources of erior which are internal and not external. 

6. At this point we make the assumption that the occurrence of 
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r, /, and g cases is subject to the law of error; that it is due to 
accidental errors that a constant D is sometimes cognised, sometimes 
incorrectly judged. We may imagine that positive or negative errors 
are algebraically added to D, makmg it a + o, or — for sen- 
sation, according to circumstances. Every error is, therefore, express- 
ible by a Z) magnitude, and the probability function of the r, /, ancj 
g cases is formulable as though hD, and not L 6, were the ^ for 
the relative number of cases in question. We thus obtain the rela- 
tive number of r, / and ^ as a function of / — and by the aid 
of the equation found above for Z> = .S' and of equation (i), rein- 
forced by two other determinations, are able graphically to represent 
the course of the r, and g cases according to the law pf probabil- 
ity. For i? = o we have to assume an equal probability of r and 
V y 

f — = Z-. Further, for — D the / cases become v cases, 
' ^ n n 

and conver^ioly It follows that the relative number of / for a 
negative D obeys precisely the same law as the relative number of r 
for a positive f case being defined m general as that in which 

^ III — (^2 — ^i)* The curves of the r and / cases will conse- 
quently intersect at Z) = o, pursuing symmetrical paths in opposite 

directions Lastly, the g cases are found by the equation ^ 

7 * + /" 

I — . 

n 

The three curves are accurately represented in Fig. 6. The ordi- 
nates represent the numbers of the particulai cases, the sum of which 



is the abscissae denote the t^hD given in Fechner's fundamental 
table. To avoid disturbance of the regular course of the curves of r 
and /cases, the term ^'is employed for all cases in which X)\\\ + (r^ — 
and the term f for all in which Z>|11 — {^a 
7- If we grant the hypothesis that the foregoing discussion is in 
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place when referred to senstble disci iinination and its expression m 
the three classes of judgments, we may call m the aid of the law of 
probability, and shall find no difficulty m constructing foimul^e from 
which to calculate the S and h for a given stimulus and a definite D 
Suppose that D r> S, — as can be seen at once by the increase of 
r cases over 50 p c. For the observer, D = D ±8 ^ wheie ^ indicates 
the positive or negative error which occasions the different judgments 
An r case will obviously occur when D is positive, or negative and 
in absolute magnitude C.D — S, The relative number of r cases is, 
therefore, = the probability of all positive 8 + the probability of those 
—8 which are sinallei than D — S that is — 

h{D^S):=zii 

o 

An / case will occur, when 8 is negative and in absolute magni- 
tude > D + The relative number of / cases is, theietore, = the 
probability of all [ — 8) — the piobability of those — 8 which are smaller 
than Z> + that is — 


f D^S 






Finally, a g case will occur, when 8 is negative and in absolute 
magnitude :> D — S but < Z? + *S'. The relative numbei of g cases 
IS, theicfcic, == the probability of negative 8 within the limits D — S 
and Z? + that is — 

p D^s I r 

(4) 

h{D-S)—tx 

In Fechner’s fundamental sble the appropriate / ^ Z> is given 

r f ^ g 

for every — z> O’SO For — , the value of i for the equivalent - 

must be looked for m the table. If the first i is wiitteii as in 

equation (2), and the second as in equation (3), we have: 
h{D — S) = and 

h \d — and, thuefore, 

( 5 ) ^ 


2 D 'W,. 


^ jy^ 
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8 The prdctical applicatiorL of the method is a very simple matter. 
We will again have recourse to pressure sensations for our illustration. 
Suppose that two pressure stimuli, whose magnitudes are to be com- 
pared, are given successively upon the same portion of the skin loo 
times over Let =90 gr , == 99 'therefore, = 9 gr 

r 

We obtain 65 right, 10 wrong, and 25 equal cases* /.<?., ^ = 0'65, 

f p y 

L = o 10, and - = o 25. For - (in this case > 0*50, 2.^., D z> S) 

n n n ^ ^ 

f ^ 

we find =02725, for —09062 Hence = 0*07, and 6" 

(approximately) 4*8 gr Constant errors, dependent on the temporal 
or spatial arrangement of the compared stimuli, can be eliminated by 
a regular alternation of their positions in an equal number of experiments 
within each experimental series The elimination is most successfully 
accomplished if the mean of the and values is taken, instead of 
that of the individual r, / and g cases occurrmg under the dififerent 
spatial and temporal conditions. 

The method admits both of a procedure with knowledge, and a 
procedure without knowledge The extant investigations seem to show 
that either can be followed with good results, though a half-way 
procedure leads to great irregularities of judgment. To secure a procedure 
without knowledge in regard to the D of the inquiry, it is customary 
to interpolate blanlc expenments, with Z) = o or a negative A whose 
frequency and position m the series are unknown. The judgments 
made in these blank experiments can be treated by themselves, apart 
from those which constitute the principal object of the investigation. 
It is always imperative that the utunber of experiments be large, since 
there is otherwise no justification for the distnbution of judgments in 
accordance with the law of probability. 

For the application of the method to stimulus determination, cf. 
G E. Muller, Ueber die Masshesitmmungen des Ortsinnes der Haut 
mttiels der Methods der nchtigen und falschen Falk (Pfliiger’s Archtv 
fur die ges Fhysiologte, XIX., 191 ff), and Fechner, Ueber die 
Methods der rieJittgen und falschen Falls tn Anwendung auf die Mass- 
hesiimmungen . . . des Raumstnnes {Abhandl des Kgl Sachs Ges d, 
Wiss., XXII., Ill For its application to difference comparison, 

cf. C. Lorenz, Untersuchungen uber die Aufassung von Tondtsianzen 
{PkiL Studien, VI, 26 flf), and F. Angell, Untersuchungen Uber die 
Sckdizung von Schalhntensitaten nach der Methods der miitUren Ab- 
stufungen (Phil, Siudien^ VII., 414 ff.). 
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It has often i been said that the method of right and wrong cases is the best 
of all the psychophysical measurement-methods The statement cannot be accepted 
as it ’stands and that not only because of the veiy large number of experiments 
requned It is true that mathematical ingenuity is most stnkingly evidenced in 
the development of the theory of this method, but it is still an open question 
whether the application of the law of piobability is justifiable. Even now we 
G^n point to certain facts and arguments which cast doubt upon the validity of 
"that law for the magnitude of sensitivity and sensible discrimination, 

(r) No account has been taken of the important difference between direct and 
indirect sensitivity and sensible discrimination If our assumption is that tlie 
appaient stimulus-difference is produced by the co-operation of positive or nega- 
tive errors, that can only mean that the sensation-di]SiQXtiizQ is positive, negative, 
or o, and that accordingly r, f, and g judgments occur. But there can be no 
question that any one of these judgments may be recorded in consequence of an 
accidental inclmation towards or preparedness for a certain judgment category, 
without the sensation-difference having necessanly undergone a correspondmg 
change. As a matter of fact, instances of a habituation of judgment have been 
obseived and it needs no proof to convince us that they cannot be subsumed 
off-hand to Gauss’ law But there is one fact in particular which points to this 
mcongruity between the direct and indiiect sensitivity and sensible discnraination 
We should expect, on the law of probability, that with mcrease of D there would 

be effected, besides an increase of — , a more speedy disappearance of ^ than 

of For the errors which are supposed to occasion the / judgments, are 
greater than those which cause the judgment g. In practice, however, and especi- 
ally in the procedure without Imowledge, it has been found, not only that — is 

ft 

f g 

ordinarily smaller than — , but also that as the stiinulus-difference mcreases — dis- 


appears earlier than 


This fact must be taken in connection with that of the 


occurrence of the ‘ doubtful ’ cases, mentioned in the text judgments, in which the 
subject is clearly conscious of a difference between the sensations compared, but 
IS unable to determine its direction Although these equivocal difference judgments 
do not figure m the report as a special category after a certain stage of practice, 
their influence does not by any means cease to malce itself felt. On the con- 
trary, the relative preponderance of the f cases clearly indicates it. The probabili- 
ties that an equivocal difference judgment is transformed into a definite r ot f 
are about equal; the probability that it is registered as g extremely shght. That 
is to say, f cases may be looked for wherever the eqtuvocal difference judgments 
are possible, i e , with all stimulus differences which are too large to evoke judg- 
ments of equality. These considerations have led to the proposal of two hmens 
—a limen of right cases, and a limen of undecided cases. At any rate, the fact 
has nothing to do with any alteration in the magnitude of a sensation -difference 
by accidental errors of observation — The determination of the proposed Umen of 
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the general cognition of difference cannot be really earned out, if only for the 
reason that the ‘ doubtful ’ judgments occur m practice rarely and irregularly 

The only way of coping with this incongruity between the ^ cases and -the r 
and / cases is that followed by Merkel in his Methode der Gleichhetts- und 
Ungletckhettsfalle Unfortunately, the procedure is not worked through with 
logical consequence The inequality cases are identified with the r, and possible 
f included in the g judgments S can be determined on this method only ^ 
experiments are made for at least two different D, and the S is then obtained froni 
the resultant values by interpolation. 

This modification of MerkePs is, however, psychologically legarded, an improvement 
upon the method of r and f cases as ordinarily understood. Besides which, it 
does away with the inappropriate and misleading terms * right ’ and * wrong \ But 
it still leaves the question of the relation of the direct to the indirect sensitivity 
and sensible discrimmation open, and so fails to meet the objections urged against 
the applicability of the law of error Their mcongrmty gives the reason for anotlier 
fact — that the employment of different D has led to the ascnption of different values 
to S, This result is not due to a dependency of sensible discrimmation upon 
the magnitude of the D remaining the same), occasioned perhaps by a dif- 
ferent degree of stiam of the attention, but is an artifact of the method If 
with increase of D the g cases decrease more lapidly than the y cases — the 
disproportion beginning from somewhere about the point at which D S , — it is 
clear that the value of S for a larger D cannot be the same as its value for a 
smaller D, But that makes it quite doubtful, in what relation the calculated -5 
really stands to sensible discrimination. In any event, the conclusion of our pre- 
sent discussion must be that the method of right and wrong cases is not to be 
placed on a higher plane than the gradation methods, which furnish us with 
direct mformation of an incomparably more rehahle kind as to the magnitude of 
sensitivity and sensible discrimmation. 

( 2 ) G-ausb’ law postulates an equal distribution of positive and negative errois, 
and a maximal probabihty for the error o. It is again only m certam cases, not 
by any means always, that these postulates hold for sensible discrhnination For 
instance, it is not mvaiiably true that with a Z> = o the g cases are the most 
numerous. And sensible discrimination for a stimulus decrease is by no means inva- 
nably the same as sensible discrimination for a stunulus increase If the relative 
sensible discrimmation, and not the absolute, is constant, the probability of negative 
errors must be greater tlian that of positive, it being assmned that the r, y and 
g judgments are dependent upon their co-operabon In the same way, the increase 

T T 

of — on either side of the hmit where — = -J- wiU obviously be conditioned by 

71 ft 

the absolute (or relabve) sensible discimiination m a manner which can hardly be 
brought to light at all by the method of nght and wrong cases. The various 
modes of overesbmabon and underestimation, which can be so simply demonstrated 
by the gradation methods, are more or less concealed under a geneial law of error, 
which IS made the principle of distribution of the separate judgments All this 
shows, again, that the method of minimal changes, with its freedom from postu- 
lates of a law of error, etc., is not onh* more simple, but also better applicable to 
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the determination of the magnitude of sensitivity and sensible discrimination, than 
IS the method of right and wrong cases 

(3) We must note, too, that the theory of errors of observation admittedly 
confines the notion of ‘ accidental error * to those deviations from the most probable, 
mean value, the causes of which are unknown, or at least indeterminable as regards 
their separate degrees of influence. Thus it is usual to speak quite generally of the im» 
of instruments, or the uncertainty of perceptions, without going into 
devils concerning the reasons for this imperfection and uncertamty or their com- 
parative importance, and without drawing any accurate distinction between external 
sources of error in the apparatus, and mternal sources in sensation. The only 
assumption which is made is, that the number of sources of error and of their 
possible connections remains constant But sensitivity and sensible discrimination 
are not subject to 'accidental errors’ in this sense of indeterminable variations. 
On the contrary, the conditions under which they stand, and the influences which 
these conditions exert upon them, are made the object of elaborate investigation ; 
and the procedure which gives us positive and unconditional information regarding 
them is, therefore, absolutely the best It is accordingly advisable to postpone the 
examination of the magnitude of sensitivity and sensible discrimination by the 
method of right and wrong cases, until we have acquired such a measure of 
assured knowledge respecting its laws and conditions as will enable us to work 
out, in theory and practice, a reliable error method ; one which, while taking 
account of all these phenomena, shall be adequate to the accidental variations that 
still remain. — The measure of precision, A, is, as a constant, independent of such 
variations. This simple mathematical fact makes it probable that the above consid- 
erations do not apply to h* And in practice it has been found, that h remains 
unchanged with increase of D^ provided that the other experimental conditions do 
not vary. A measure of the delicacy of sensitivity and sensible discrimination can, 
therefore, be obtained from the method of right and wrong cases, even as ordi- 
ilarily employed. For this purpose, h may be determined by the simpler Fech- 
nenan procedure the appropriate t^hD is found in the fundamental table for 

the particular or — - — , and made =-^. Qf, Kampfe: Bettrage zur ex<* 

pertmentellen Prufung der Metkode der rzckttgen und fahehen Falle {Phil Studten^ 
VIII, 51 1 ff); Bruns, Ueber dte Ausgletckung statishscher Zahlungen in der 
Psychophysik {PhiL Siudien, IX , i li.) 

II. The Method of Average Error. 

9 The procedure in the method of average error consists in the repeated 
repioduction by the subject of a given stimulus or stimulus difference; i,e , 
m the collection of records of ||| (a given) or ||| (a given) 

It is, therefore, applicable only to stimulus comparison and difference 
comparison. A stimulus determination or difference determination in 
the absence of the stimulus or difference to be determined— if the phrase 
is permissible— would scarcely be possible, as the just noticeable stimulus 
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and the difTeience limen are limiting values, not to be obtained by any 
voluntary predisposition, however fiequently lepeated. Hitherto, the 
method of average error has been applied only to stimulus comparison], 
so that nothing more can be said of its applicability to difference com- 
parison than that an affirmative judgment is warranted on general 
grounds Its sphere is still further limited by the fact that it 
be profitably employed only m cases where the union of subject and 
experimenter in one and the same pci son is easily practicable and the 
results of the imion sufficiently tmstwoithy This second condition is 
best realised by the choice of stimulus magnitudes which allow of con- 
tinuous alteration, passing through all possible gradations within certain 
fixed limits, a finite number of steps may very well give occasion to 
constant errors of predisposition. It is further desirable that the stimulus 
alteration be effected not only without trouble, but mechanically, 
without making any demand upon the attention, and that no particular 
adjustment be consciously or unconsciously given an advantage over the 
rest. In other words, care must be taken that the subject’s judgment 
IS altogether dependent upon sensitivity or sensible discnmmation, and 
IS not affected by secondary circumstances We see at once that the 
fulfilment of such a condition cannot always be assured; and thus 
have further reason for our opmion that the method of average eiTor 
can be employed without suspicion only in certain special cases; 

10. The procedure in stimulus comparison is exceedingly simple 
A stimulus, r^, is given The subject is required to make a second 
stimulus, exactly equal to in sensation, n tunes These n ‘ error 

stimuli’ present certain differences, in virtue of which they can be subjected 
to mathematical treatment. If the separate error stimuli are /j, /a, 
4, . . . ♦ , and we take their average 

(l\ /t +/2 +/8 + • . _ jp 

F is the mean error stimulus or the average crude error. It helps us 
to determine {a) a constant error 
(2) i?’— 

which measures the divergence of the apparent from the objective 
stimulus equality. This constant error may be referred partly to the 
temporal or spatial position of the stimuli compared, paitly to differ- 
ences of sensitivity To' ascertain the facts underlying the two possi- 
bilities in the particular case, we must eliminate the time or space 
error in the usual way, by an appropriate variation of the arrangement 
of the stimuli. If a constant difference between F and is still left, 
we know that the sensitivity for and r^ was different, ze, that 
fg was overestimated or underestimated as against r^. The magnitude 
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of sensitivity is then measured by and (= F)^ just as in the 

coi responding gradation method, by aid of the equation 
Sensitivity j * Sensitivity 3 = 

(§ 7 5) ^ also employed {h) for the determination of a variable 

error The mean^ variation or average error (MV or MF) of the 
separate enor stimuli is calculated . 

^ -/i) + - A) + • ■ • {F-fn) 


(3) 








V 




= Aw, or f/ 


This Aw (or Awj) is the mean variable error or average pure erro\^ 
Like the corresponding MV (or MIF) of the method of minimal ' 
changes, it furnishes a measuie of the delicacy of sensitivity.— It has 
been the custom to look upon this mean variable error as the peculiar 
measurement-value afforded by the method. But Wundt has shown, 
that in the value of F after the elimination of the time and space 
errors, which he terms the true constant error (F — r^), we have a 
measure of the magnitude of sensitivity, analogous to the A of minimal 
changes proper (§ 7 6) 

II. The simplicity of the procedure just described renders a Figure 
needless We may, therefore, proceed at once to consider an instance 
of its application Pressure stimuli will hardly serve our purpose, 
since a continuous increase or decrease of pressure intensity could 
be efiected only by the help of special and complicated apparatus 
(cf. 9 above) We will take the comparison of distances by the eye. 
Suppose that two horizontal distances are marked off by fine, smooth 
lines. The left-hand distance, iV, remains constant at 50 mm ; the 
right-hand distance, V, can be altered by means of a finely threaded 
screw, the turning of which moves the limiting line in or out V is 
made apparently equal to N ten tunes , and its values are = 52, 
fi = 49. /a = 50, A == 51.4= 52, /e = 50,/, = 49. /a = S^./a = 5 h 
/lo “ 5 ^' F~So$ mm., 6*= + 05, Aw = o'9. To 

ascertain whether the constant error is not merely accidental, z.i?,, due 
to a chance fluctuation of sensitivity which the small number of 
experiments would not suffice to compensate,— to a defect in the 
experimentation, rather than to any particular attitude of sensitivity,— we 
calculate out the probable error, by the formula already given (§8. 2) 
This proves to be 024, t,e , is < C We may, therefore, suppose 
that what we have discovered is a true constant error; and we proceed 
to determine its special nature by elimination of the space error — 
With regard to the nght legulation of predisposition, we may note that the 
variable stimulus must not be always changed in the same directioii, 
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that its equahty to N must not be obtained always from a higher or 
always from a lower value, but that the direction must be varied, so 
that equality is as often reached from the one as from the other Another 
way of avoiding the error that might arise from alteration in a single 
direction is to move the variable stimulus to and fro in each experiment, 
until the point of equality seems to have been found with absolute 
accuracy. This latter procedure may, perhaps, diminish the value 
Aw, t.e ^ educe a greater delicacy of sensitivity (of which Aw is an 
inverse measure) ; but it has the disadvantage of making the determi- 
nation of equality tedious and more fatiguing, 

12. We may conclude by giving a comprehensive table of the values 
furnished by the various methods, which are principally employed m 
the measurement of sensitivity and sensible discrimination. 


Stimulus and Difference 

Determination 

Comparison 

I 

Magnitude 

S 

r\\\r, 

[Sensitivity SensiUvityi =: 
rx r) 

53 

a 

a> 

tf) 

Delicacy 

WE; ME 

MV; ME 


i 

4 ) 

1 

Ab- 
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S 

Ar\\\Ari 
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§ 
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} 

r 

r * A^ * T\r 


I 9. Stimulus and Nervous Excitation. 

I. The physiological definition of stimulus is too wide for psy- 
chological purposes. The physiologist means by stimulus the cause 
of a change in the state of the organism , the psychologist means 
by it the condition of a change in consciousness. As every condition 
of a change in consciousness is at the same time an affection of the 
organism, the psychological stimulus is simply a special foim of the 
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physiological There is one particular class of physiological stimuli to 
which all psychological stimuli (at least in man) may be subsumed, 
the stimuli, t e,, which produce an alteration in the nervous system, 
an ^excitation’ We can, therefore, make our definition more con- 
crete, and say that by a psychological stimulus we mean the cause 
(jf a nervous excitation which is attended or followed by a change 
^ consciousness The cause of a nervous excitation of this kind 
may be (i) another nervous process, (2) any other organic process 
connected with it, or (3) a physical or chemical action external to 
the organism. In any event, the word ‘stimulus’, in psychological 
as in physiological nomenclature, always signifies a physical, measur- 
able process, whose nature we more or less completely understand. 
Our own use of the term so far has not been altogether unequivocal. 
We have spoken in the usual way of a ‘just noticeable stimulus’ or 
‘stimulus-difference’; and this usage may have suggested to the reader 
that the observer m the experiments from which these magnitudes 
are derived, directly determines or compares the stimuli or their differ- 
ences. Really, of course, the only objects of the observer’s estimation 
and perception are the sensations which he experiences, not the 
stimuli within or without his body The phrases in question, then, 
must refer to the result of the observation, which is common property, 
not to the observer The same holds of the expressions ‘stmmlus 
determination’ and ‘stimulus comparison’. We prefer not to speak 
of ‘just noticeable sensations’ or ‘sensation-differences’, because we 
do not wish to embody m the termmology of empincal measurements 
any particular hypothesis of the relation between the direct and 
indirect sensitivity or sensible discrimination To assert the notice- 
ability or unnoticeability of a sensation-difference would be to assume 
at once an incongruity between the direct and indirect sensible dis- 
crimination (cf § 4. b) The measurement terminology m ordinary 
use is based simply upon the correlation of judgment and stimulus, 
the only links m the chain of dependency to which the objective 
investigator has access 

2. We distinguish stimuli as external and internal according to 
tlieir place of origin. The former are physical or chemical processes 
outside of the oli'^^rver’s body, the latter corresponding processes 
within it. Thus, a concussion of the air which produces an auditoiy 
impression, or a weight which exerts a noticeable pressure upon the 
skin, would be an external stimulus. External stimuli are the peculiar 
instruments of experimental investigation, and the measurement methods 
which we have hitherto discussed employ them almost exclusively. 
Internal stimuli are originated, e,g^^ by the constant processes of 
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metabolism, in the most different parts of the body. But as a general 
rule, these stimuli do not give rise to conscious phenomena, unless 
the nervous excitations which they set up are abnoimal or especially 
strong. Internal stimuli are, i further, occasioned by movements of the 
body or parts of the body these appeal to possess an extieme 
facility m the evocation of sensations and feelings And lastly, ner- 
vous processes, central or peripheral, which are not directly due "lO 
some external cause, may be regarded as internal stimuli. ‘ Reproduced ’ 
sensations are referable to internal stimuli of this kind. 

External stimuli are generically classified as physical and chemical 
The former admit of subdivision into meckamcal (pressure, impact, 
pull), acoustic (periodic and aperiodic concussions of the air), thermal 
(heat, cold), optical (homogeneous and mixed light), and electiic 
(galvanic and faradic currents) Magnetic stimuli, as such, have no 
more effect on consciousness than on the orgamsm. The process of 
organic stimulation which all these external stimuli initiate,— the 
process, that is, which precedes the arousal of a neivous excitation 
in a particular sense-organ, may also be either physical or chemical 
We, therefore, speak of mechanical and chemical senses, the former 
including those of pressure and heanng, the latter those of temperature, 
taste, smell and sight. 

3. External stimuli are further divided, according as their effect 
IS special or general, into adequate (homologous) and inadequate 
(heterologous) stimuli. It is characteristic of the former that they 
can affect only a particular sense-organ, and set up the excitatory process 
peculiar to it. Thus, optical stimuli are ineffectual for the production 
of visual sensations unless they act on the eye (retina), acoustic 
stimuli are ineffectual, except for the ear. Stimuli aie inadequate, on 
the other hand, when they do not bear any such definite relation to 
the sense-organ. The one fact of importance underlying this classifi- 
cation is that ^adequate’ stimuli form a contnuously graded series, with 
which the corresponding scale of sensations can be directly compared. 
The entire system of visual sensations (as we shall show later) can, 
be correlated with ether undulations; whereas pressure on the 
eye-ball, or galvanic stimulation of the optic nerve, though an ‘inade- 
quate' stimulus for light sensations, cannot be brought into functional 
relation with vision over its whole range. Each sense-organ has its 
own adequate stimulus; the skin, pressure and temperature; the ear, 
concussion of the air, the eye, rays of light' although it must be 
admitted that for taste and smell the adequate stimulus, which we must 
suppose to exist, has not as yet been defined in terms of physics or 
chemistry. Any other stimulus which can excite the sense-organ or 
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the sensory nerve will then lie ‘inadequate’: mechanical pressure and 
impact for vision, electrical processes for the skin, etc. Psychophysical 
measurement of sensitivity and sensible discrimination presupposes, of 
course, the employment of adequate stimuli , — of stimuli whose form, 
strength, duration and extension correspond more or less directly to 
the quality, intensity, duration and extension of sensation. Defined 
in this way, the notion of stimulus ‘adequacy’ is not only sufficiently 
unequivocal, but acquires an especial value for experimental psychology 
We shall, therefore, in what follows, make almost exclusive use of 
adequate stimuli in reviewing the functions of the various sense-organs 
How these unequivocal relations between particular stimuli and partic- 
ular sensations originated, — how their origin is to be explained, — is a 
question which we cannot attempt to answer here 

4. The nervous excitation^ which we have to regard as the proximate 
condition of a conscious process, is a process of whose objective nature, 
physical or chemical, we cannot give any exact description m the present 
state of physiology. But this very obscurity has been a powerful incentive 
to the investigation of its dependency upon stimulus. There is only 
one kind of nervous excitation which leads directly to an alteration 
m consciousness, and which is therefore of primary psychological 
importance,— that of the sensory nerves. The excitation of a motor 
nerve results m a movement, ?.<?., a muscular contraction. The signi- 
ficance of movements is secondary for psychology: they are inteiesting 
simply as expressive of emotion, as voluntary or automatic, as internal 
stimuli to the sensory nerves, as objects of perception, etc,— Neives 
are further qlassified, topographically, as central (running their course 
within the spinal cord or brain, the two ‘central’ nervous organs) and 
peripheral (running their course outside these, toward the peiiphery of the 
body) —It IS misleading to speak of centrifugal and centripetal nerves 
since no nerve has its faculty of conduction limited to a single 
direction. As a lule, however, the sensory nerves conduct centri- 
petally, the motor centnfugally, as the terminus of the former is the 
centrally situated organ of consciousness, and that of the latter the 
peripherally situated organ of movement — The principal morphological 
constituents of nervous substance are nerve cells and nerve fibres. The 
cells (nerve cells, ganglion cells, ganglia) are found almost exclusively 
in the central portions of the nervous system, combining with the 
granular matnx (itself made up of ganglionic processes and the finest 
branches of the nerve fibres) to form the grey substance. The strands 
of fibres in the central parts compose what froi^ its different appear- 
ance IS called the whiU substance. 

5 We cannot here discns$ the histological structure of the nervoua 
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system. The readei may consult Wundt’s Fhysiol Psvrhologie, vol. i., 
or the standard treatises uiDOn anatumy and physiology We shall 
refer in bnef to the minute structuie of the sense organs, as occasion 
demands but our discussion will not be intended as a substitute 
for anatomical and physiological study, with books or in the laboratoiy 
And the paiticnlar facts of nervous physiology necessary in other 
connections to our explanation of psychological phenomena will bfc 
set forth in their proper places. For the present, we shall speak only 
of certain general facts or concepts which play some considerable part 
in the theory of mind. 

First and most important of these is the law of specific senso7y 
energy. It is not easy to give a precise formulation of the law. The 
phrase ‘specific energy’ ongmally meant what we have indicated by 
our distinction of adequacy and inadequacy of stimuli . the eye was 
the specific oigan of vision, the ear of hearing, etc But when it was 
discovered that the excitation of a sensory nerve aroused the sensations 
peculiar to the sense, in the absence of duect stimulation of the peri- 
pheral organ, the specific part of the physiological function was transfeired 
from that to the nerves. This gave a specific energy of the optic nerve, 
another of the olfactory, and so on. Later, the energy was specialised 
still further, and a specific fibre or terminal organ assigned to each 
of the sensation qualities discriminable within a sense department 
Thus the sensory cutaneous nerves were divided into nerves of pressure, 
cold, warmth, and pain , the fibres of the optic nerve into red-sensitive, 
gieen-sensitivc, and violet-sensitive (•) The most recent observations, 
however, render the specific energy of nerve fibres an altogether 
improbable hypothesis; and the physiology of to-day is, theiefore, 
inclined to look for specialty of function not m the nerve, but in the 
peripheral or central termini of the nervous apparatus. 

6. This view attempts to explain the fact that general or 
heterologous stimuli aiouse in a nerve fibre the excitation specific to 
its peripheral organ, by emphasising the effect of adaptation to parti- 
cular forms of excitation The sensory nerve becomes accustomed to 
the function imposed upon it by its connection with peculiar terminal 
organs. On this theory, that is, we should not speak of a specific 
energy of the sensory nerve, but only of a specific function of it 
under given circumstances But that phrase, again, is hardly admis- 
sible, since a nerve which is brought into dififerent connections appears 
to give up its previous function at once, and to take on that ’vyhich 
the new connections dictate. We are, therefore, compelled to regard 
the fibre as a perfectly indifferent conductor, capable of quite different 
functions^ of propagating or evoking quite diflfexent excitations, 
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according as it terminates in one oigan or another. It has not inaptly 
been compared to a telegraph wire, which will ring a bell, move a 
pencil over paper, or decompose chemical substances, just as we 
connect it. The effect of madequate stimulation may now be explained 
in one of two ways we may suppose either that a peripheral organ 
is somehow directly affected, — that when we are stimulating by the 
electric curient there is an escape of electricity towards the penphery, — 
or (and this is more probable) that the excitation set up in the nerve 
is propagated to the terminal organs. The mere fact that an inadequate 
stimulus is able to excite the nerve between centre and penphery, 
while many adequate stimuli appaieiitly cannot do so, can haidly be 
mged m support of the doctrine of specific energies For (i) we do 
not find m general that every physical 01 chemical process affects 
others in the same way, and, therefore, must not expect that every 
stimulus will necessarily set up a sensible excitation in a nerve fibre, 
while (2) we cannot allow that the statement possesses anything like 
the universal validity to which it lays claim. It has been recently 
discovered, e g , that the acoustic nerve is excitable by waves of sound, 
after the extirpation of the peripheral organ 

7 Looked at m this way, the doctrine of specific energy is 
plainly no more than the regulative principle of psychophysical 
parallelism —which says that a peculiar physiological process corre- 
sponds to every distinguishable conscious quality — applied in a particular 
department. Now there is nothing in the principle which reqmres 
these peculiar processes to have separate anatomical substrates. Its 
formulation in particular cases will be entirely dependent upon the 
actual phenomena presented by consciousness and the facts of bodily 
organisation as ascertained by natural science. Since we are able to 
analyse a clang, e,g , we must assume that there are special instru- 
ments of analysis to be found m the ear. But since we are unable 
to analyse a complex of visual qualities, we shall satisfy the demands 
of theory by assuming that the changes which we remark in colout- 
tone and brightness are occasioned by a differentiation of excitatory 
processes within a single anatomical organ. It would, therefore, be 
quite wrong to imagine that the principle of psychophysical parallelism 
posits specific nerve or a specific peripheral or central organ for 
each individual conscious quality. The pnnciple simply requires the 
correlation of peculiarities in psychical processes with peculiar properties 
of nervous processes, the exact determination of these latter it leaves 
to the necessities or discoveries of the special case 

As to the localisation of the 'specific*, in its first beginnings, — of 
the condition of the peculiarity of a nervous process,— we can hardly 
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be in any doubt. The latest anatomical investigations show that the 
sensory centres are very uniform in structure, whereas the peiipheial 
sense oigans present obvious differences, which are plainly of impoitance 
for the differences in the conscious processes which they mediate If 
we continue to speak of specific energies, we must consequently localise 
them in the penpheial sense oigans Look at the two higher senses, 
and see how admiiably the structure of the eye is adapted to its 
spatial duty, and the structure of the ear to its qualitative function! 
The specific significance of the external organs is also evidenced by the 
fact, that their absence entirely prevents the appearance of sensible 
qualities in consciousness, while extirpation of the corresponding central 
organs may to a certain extent be compensated by the activity of others 

8. We are, theieforc, justified in supposing that the nerve fibies 
and their central terminations are physiologically indifferent structures, 
capable of the most diverse functions; and that their specific character 
IS imposed upon them from without In other words, the excitations 
of the central organ are functions not intrinsically localised, but 
altogether dependent upon mtemal or external stimulation. But it is 
sufficiently clear that their connections must give them a definite 
form; and that piactice, the repetition of the same function, must 
bnng about a predisposition, moie oi less strong, to the performance 
of that function. This explains the laige measme of success that has 
crowned the attempts of physiologists to determine the particular 
cortical areas with which the sensations of the various senses and the 
different motor impulses are correlated Such an area, or localisation 
centre^ is not to be regaided as the inevitable substrate of a class of 
sensations or of a sensation quality, on the same plane with the 
peripheral organ, but only as a condition of its appearance which 
has acquired importance m consequence of the accustomedness of 
certain connections. An illustration is afforded by right-handed 
writing, the nght hand may be considered as a localised complex 
of conditions, but is not the inevitable substrate of the movements 
subserving penmanship 

We shall, then, in what follows, briefly indicate the cortical local- 
isation centres of the various conscious functions But we shall make 
no reference to the particular paths of conduction, since a knowledge 
of the nuclei with which a sensory nerve is connected withm the 
brain is psychologically unnecessary, however interesting from the stand- 
point of anatomy and physiology. 

9. There is, however, one recent discovery of which mention 
must be made, as it seems to throw light upon many points of diffi- 
culty in the theory of sensation, — the discovery of sensoiy nerve 
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fibres with centiifugal conduction. These have been carefully ex- 
amined in the case of the optic nerve, and may be presumed to 
exist ’in all the sensory nerve trunks Side by side with the sensory 
fibres, in the usual meaning of the term, which take their origin in 
the peripheral organ and termmate in the brain, there will then be 
another set of sensory fibres, originating in the brain and ending m 
the sense-organ. This fact helps to explain (i) the effect of inade- 
quate stimulation upon the nerve stem. We may suppose that the 
excitation is propagated along centrifugally conductmg fibres to the 
periphery, and at that point makes itself known in consciousness by 
the ordmary channels. At the same time there is no difficulty m 
the alternative hypothesis, that the accustomed excitation is directly 
set up in the centripetal fibres. (2) The phenomena of after-sensation, 
which have only lately become known to us in detail, may also be 
brought into connection with this anatomical discovery. It has been 
found, e,g,j that an exclusively monocular stimulation gives nse to 
a sensation in the unstimuUted eye This suggests the existence of 
a kmd of sensory reflex-arc m an optical brain centre (3) It has 
been noticed, in almost all the sense depaitments, that a biicf stimu- 
lation of the peiipheral organ gives {a) a ‘primary’ sensation, (^) 
then a short pause, occupying a fraction of a second, and (c) finally, 
a ‘secondaiy’ sensation, of the same quality as the other. The 
succession becomes readily intelhgible, if we conceive of the first, 
centripetal excitation, as arousing a second, centnfugal. We have 
no need of the special hypothesis proposed for the sense of pressme, 
and mentioned below (§ 10 7). (4) Lastly, we may imagine that 

the ‘centrally excited’ sensations — memorial images, as they have also 
been very mappropriately named — are at least m many instances 
correlated with a co-excitation of the peripheral organs. We thus 
have a comparatively simple explanation of the fact that in certain 
cases these sensations may take on the character of peripherally 
excited mental processes (cf. hallucinations and illusions). 

10 The nervous excitation is not exclusively dependent upon the 
stimulus, but also upon the nature of the nervous substance itself. 
We speak in this connection of the exciiahility of nerves, and of their 
peripheral and central organs. A high degree of excitability denotes 
a quick and ready reaction upon stimulation; a low degree, slowness 
and difficulty of reaction. These differences of excitabihty are partly 
individual, and so (apart from definite pathological disturbances) inex- 
plicable in the present state of our knowledge; partly the result of 
the vanation of certain conditions. Thus we are familiar with the 
influence upon excitability exerted by age, surroundings, mode of life, 
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and penod of the day Any extended psychological investigation 
should, therefore, be earned out at the same daily hour, with indivi- 
duals of regular habits of life, and in the same surroundings. Again, 
exatabihty depends upon the character of the stimuli which affect the 
nervous substance Physiology teaches us that as a general rule weak 
stimuli increase and strong stimuli decrease excitability; while a 
diminution is also brought about by long duration and frequent repe- 
tition of stimulation. To secure the greatest possible uniformity of 
nervous disposition, therefore, the relations of mtensity and duration 
of stimulus must be carefully adjusted. — Many psychological phenomena 
might be called upon to illustrate these statements, as, ^ , the time 
error in the companson of successive stimuli (§ 6. 9, § 31. 5), the 
affective results of stimulation, etc. 
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Chapter 2. The Quality of Sensation. 

(i)The Quality of Cutaneous Sensations. 

§ 10. The Sensation of Pressure. 

I. By penpherally excited cutaneous sensations we understand 
sensations produced by stimulation of the sensory nerves which ter- 
minate m the skin Our every-day experience tells us that these sen- 
sations are of thiee kinds— sensations of warmth, cold, and pres&iwe The 
object of their scientific examination is to discover (i) whether they are 
the only qualities correlated with stimulation of the cutaneous nerves, 
and (2) m what relation they stand to one another and to physiological 
processes: or, in other words, (i) what is the course of the qualitative 
sensitivity and sensible discrimination m the sphere of cutaneous 
sensation, and (2) what are the principal conditions of the lesults 
which they furnish By ‘qualitative sensitivity’ we mean, of course, 
only the modal sensitivity ; since the qualitative stimulus limen comcides 
in cutaneous sensation with the intensive (or extensive and temporal), 
and therefore sensibility cannot be dealt with till we come to the 
chapter on Intensity of Sensation And our investigation of sensible 
discrimination need be only of a quite simple nature, cutaneous sen- 
sation apparently presenting a very limited number of quahtative 
differences. 

E H Weber, Ver Tastsinft und das GcyneingefuhL Wagner’s Handworterb. 
der PkysioL^ III., Pt. 2, pp 481 ff 

O. Funke and E Hermg, Dtr Tastsmn und die Gcmeittgefiihk , Te?fipef atursinn 
Hermann’s HandbucJi d Physiol , III., Pt 2, pp 289 IF 
M. Blix, ExpertmentelU Beitrage zur Lasting der Frage. tlher dte specifischt 
Emrgie dor Hautnerven. Zettschr f Btologie, XX , pp 141 ff ; XXL, pp. 145 ff, 
A. Goldscbeider, Neue Tkafsacken uber die Hautsinnestierven, Arch f. AnaL 
u. Physiol, f 1885 Physiol Ahtlu Supple^nenthd,^ pp i ff 
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M Dessoir, Ueber den Hautsinn Arch f Anat u Physiol , 1892. Physiol, 

Abth , pp 175 ft 

T Thunberg, in Nagel’s Handbuch d. Physiol d Menschen, III», 1905, 647 ff. 

2 That pressure sensations are evoked by the contact of foreign 
bodies with the skin, and temperature sensations by its heating or 
cooling, eveiyone wili agree. But it is a matter of dispute, whether 
we can distinguish differences of quahty, within the category of ‘ press- 
ure ’ Certain observers have enumerated, as quahties of cutaneous 
sensation, sensations of touch, contact, ticklmg and itching, besides 
those of pressure proper, warmth and cold In discussing such a view, 
we must apply two cnteria (i) that of the simplicity of the conscious 
process denommated 'sensation’, and (2) that of accuracy (freedom 
from extraneous suggestive inffuences) of sensitivity and sensible dis- 
crimmation. 

(a) The distinction of sensations of contact and pressure is based 
upon two observations, that contact is not referred by the subject to 
excitation by external stimuli, whereas pressure conveys to him tlie 
idea of his affection by some external object; and that gentle contact 
leaves the sensitive organ wholly passive, whereas pressure occasions 
a certain resistance, a certain degree of tension in the muscles sub- 
jected to it. Now the first argument forsakes the direct report of 
sensible discrimination, and seeks to establish the difference by 
emphasising points which are wholly irrelevant. It therefore proves 
nothing. That a sensation serves as the symbol, or brings us know- 
ledge, of external stimuli, may be due to its intensity, duration, etc., 
just as well as to its quality Nor is the second observation in any 
better case. That a strong pressure excites with conscious effect the 
sensory nerves in the deeper-lying organs, muscles or tendons, as well 
as the nerves of the skin, does not make any difference in the cuta- 
neous sensation, but simply combines it with muscular or tendinous 
sensations into a complex, the separate quahties of which are, it is 
true, sufficiently difficult to analyse. 

3. The same objections may be urged against the other apparently 
distingmshable quahties. (b) We speak of sensations of touch, when 
the organ which receives the stimulus, the hand, moves towards 
or over the object, t,e,j when the application of the stimulus is to 
some extent active or voluntary. There is then a combmafion of 
pressure sensations with the sensations evoked by movement — sensa- 
tions of muscular contraction, tendinous strain and articular friction. 
It is again not easy to analyse the complex into its elements, and we 
are accustomed to judge of it as a whole. But the pressure sensation 
involved does not undergo qualitative change. ^The pnncipal judgments 
of touch are 'hard^, * rough’, and ^smooth’. These include a 
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reference not only to pressure and to the sensations occasioned by 
movement, but to temporal and spatial relations and attributes of these 
sensations, which we cannot now discuss 

Similarly, the ‘sensation of double contact’, which arises when a 
movable object (stick or pencil) is thrust or pressed by the touching 
hand against a second object, or passed over its surface, is merely a 
complex of qualities the pressure of the stick and the resistance of 
the object touched excite the organs of movement at the same time 
with the skin. 

We find the same explanation to hold of (c) tickling and {d) itch- 
ing. They contain no new sensation, above and beyond the quali- 
ties of pressure and temperature, but consist in a combination of 
these, charactensed by rapid alternation of contents or of intensities 
of contents. 

Moreover, a thorough examination of the surface of the skin by 
means of a needle or horse-hair gives no other result than the deter- 
mination of points more or less sensitive to pressure, cold and heat. 
The points of peculiar sensitivity to contact have been named press-- 
ure spots. Weakly stimulated, they give rise to a delicate sensation, 
often accompanied by tickling, strongly affected, to a ‘granular’ sensa- 
tion. Tickling appears to be due to a diffusion of stimulation, and 
the consequent production of concomitant sensations The sensation 
aroused at points of the cutaneous surface which are not specially 
sensitive to pressure is dull and indefinite. So that direct experi- 
mental investigation gives no support to the view that pressure sensations 
present really qualitative differences. 

4 But there is a further point (^) Our sensible discrimination enables 
us to localise cutaneous impressions with a considerable degree of 
accuracy, although we have no outside knowledge of the place at 
which they oiiginate Thus at the tip, of the finger we can cognise 
the spatial separateness of two impressions, if the stimuli which pro- 
duce them are no more than i mm apart. It is tempting to refer 
this accuracy of localisation to qualitative differences within the scale 
of pressure sensations. There would be no need to assume that these 
differences mcreased with the distance of cutaneous areas from one 
another; it would be sufficient for the hypothesis if every cognisable 
local difference corresponded to a difference of quality An approxi- 
mate calculation of the number of distinct pressuie sensations which 
this view renders necessary gives 1100 for the head alone, and at 
least six times that amount for the whole body. But if we try to 
abstract, as far as possible, from the local value of the impressions 
which affect different parts of our skin, we seem to find nothing like 
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a really qualitative difference in the sensations We should surely 
expect, if all the many local differences depend upon qualitative 
peculiarities, that some sort of clear gradations would be discoverable 
within the system of pressure sensations As this is not the case, 
we must refer localisation to other conditions, and accept the qualita- 
tive simplicity of sensations of pressure Further evidence is afforded 
by the localisability of impressions of temperature (produced by radiant 
heat, without contact) No one would ascribe to our sensations of 
warmth and cold a number of specific qualities, corresponding to their 
cognisable space differences 

Finally, (f) pain has been held to be a speaal quahty of cutaneous 
sensation, and pain neives put alongside of the nerves subserving 
warmth, cold, and pressure. The la3rpothesis has found its chief support 
among physiologists. We cannot accept it, as it stands for pam is 
produced in all cases where the stimulation of a sensory nerve passes 
a certain limit of mtensity At the same time, pam may, perhaps, be 
regarded as a general quality of sensation, distinct from the specific 
qualities which are always involved m it (whether as intense heat or 
excessive pressure or grating tone or blinding hght), and from the 
unpleasant feeling with which it is combmed. The qualities which 
cutaneous pain contams, besides that of pressure, are therefore, a 
specific feelmg and a general sensation quality, which may be origin- 
ated by the excitation of any sensory nerve (cf § 36. 4) 

5 We conclude, then, that in aU probability the name 'pressure 
sensation’ denotes a single sensation quality We have now to laise 
the question of the place of its penpheral origmation. It may be laid 
down m general that both the external skm and the 'skm’, as it is 
ordinarily called, which lines the internal passages of the body can 
mediate pressure sensations But whether this skin can function as 
a sense organ over its whole extent must be left undecided. Some 
obseivers have asserted that the cold and warm spots are not sensitive 
to pressure and contact, and that certam parts in the interior of the 
body are incapable of pressure sensation But the truth contained 
m these views appears rather to be that sensibihty to piessure suffers 
marked diminution at certam places. Pressure excitations can be set 
up at any pomt of the skm, provided only that the stimuli are strong 
enough. Of course, there is the possibility that the stimulation 
extends, until it involves sensitive parts —No single proposition of 
universal validity can be formulated, for the reason that the nature 
of the skm itself differs appreciably from point to point, and its nerve 
supply, the thickness of the epidermis, and other circumstances, may 
shift the limen of pressure sensations very considerably. 
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An observation which has * been qmte recently made deserves men- 
tion here It has been found that after brief contact, after-^sensahon^ 
make ’their appearance. They are separated from the primary press- 
ure sensation by a blank interval, just as are the after-images with 
which we have long been familiar in the sense of sight They can 
be best obtained from a gentle tap with the point of a needle, and 
seem to move in the opposite direction to the pnmary sensation, 
wellmg up from withm If the stimulus is electrical, the break-shock 
of an induction coil, they do not occur unless at least two shocks 
have been given in quick succession. 

6 A theory of pressure sensation must state the special conditions, 
upon which the appearance of the quality of pressure in consciousness 
IS dependent. These conditions must necessarily be sought in spe- 
cific bodily dispositions and functions: since (i) it is impossible to 
derive the individual fact of a particular sensation quality from a defi- 
nition of mind, or from general faculties and dispositions ascribed to 
it, and (2) the adequate mechanical stimuli are by no means the sole 
factors m the origination of pressure sensations. We may look for the 
excitations which are functionally related to these either m a peri- 
pheial organ and the neives connected with it or in a central organ 
Sensations have been obtained by direct electrical stimulation of cutaneous 
nerves as well as by stmiulation of the external skin It would seem, 
therefore, that the nerve concerned m their production is capable only 
of the smgle reaction to which its connection with definite terminal 
organs has accustomed it. These organs, then, are the most essen- 
tial constituents m the complex of bodily conditions forming the 
substrate of the quality of pressure. 

The skin consists of two layers, the epidermis above and the cuits 
below The former is divided into the stratum corneum and the stratum 
Malpighiiy the latter into the corium and the subcutaneous connective 
tissue. The corium is the part most nchly supplied with nerves It 
is probable that fine nervous processes penetrate into the epidermis. 
The nerve endings are partly free, t e , composed of very fine fibrils, 
partly enclosed in special cells. These latter have various forms, and 
are classified as the touch cells of Merkel, the touch corpuscles of 
Meissner, the end bulbs of Krause, and the corpuscles of Vater and 
Pacini. The thickness of the epidermis vanes between 0‘03 and 
3 75 nun. 

7 The anatomical facts suggest a relation between pressure sensa- 
tion and some one of these kinds of nervous termination It was 
formerly thought that the free endings were sensitive only to general 
nervous stimulation, while the speafic terminal organs were reserved 
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for the effects of pressure and temperature But such a view is 
negatived (i) by the fact that the corpuscles of Pacini, touch corpus- 
cles and end bulbs have a much moie limited lange of distribution 
than the cutaneous sensations; (2) by the observation that the cornea^ 
which is sensitive to pressure and temperature, contains only free 
nerve endings, and (3) by the result of a direct comparison of cold, 
warm, and pressure spots with the nervous structures underlying them, 
which showed that they bear no uniform relation to the terminal 
organs in question The corpuscles appear, therefore, to have no 
definite reference to the quality of sensation, but to be intended 
either for the protection of the nerves or for the more accurate 
distribution and isolation of stimulation. On the other hand, Gold- 
scheider believes that he has discovered a difference in the character 
of the nervous terminations underlying pressure spots and tem- 
perature spots respectively. In the former case, the fibrils are spread 
over a larger cutaneous area, innervating a relatively extensive poition 
of the corium It may be that this plate of interlacing fibres is the 
specific substrate of the perception of pressure 

The sensory nerves of the shm pass into the posterior columns of 
the spinal cord, and there ascend in the white masses by a fairly 
direct path to the cerebral cortex, which they reach in the neigh- 
bomhood of the central convolutions. A certain proportion of their 
fibres, however, enters the gray substance of the cord, where the 
origination and propagation of an excitatoiy process is m general 
slower and more difficult. This fact has been used to explain the 
appearance of the after- sensation The excitation of the gray sub*, 
stance gives rise to a second sensation, but the relations of excitability 
and conduction obtaining there are such as to defer its appearance 
until a noticeable interval has elapsed after the passing of the primary 
sensation, mediated by the white substance. (Cf, however, § 9. 9.) 

§ II. Sensations of Temperature 

I. Temperature sensations differ from pressure sensations, which 
we have found to possess but a single quality in consciousness, in 
including a duahty of qualities, warmth and cold We need make no 
detailed inquiry as to whether these are the only forms of tempefrature 
sensation possible, since the fact is universally admitted And there 
is equal agreement with regard to the general designation of the 
stimulus adequate to the sensitive organ. All bodies which give out 
or take up heat in the physical sense, in other words, all thermal 
Btimuh, are adequate to the excitation of sensations of warmth or cold, 
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whether by way of direct contact or (as in the case of radiant heat) 
of operation from a distance. But difficulties arise when we come 
to ask for the spccidl conditions ot sensations of waimth and cold A 
simple increase or dunmution of temperature can change either sen- 
sation into its opposite, the path of change lying through a point oj 
indifference or zero point (There is no analogy to this fact in the 
spheie of sensation, though there is a very complete one in that of 
feeling ) Any temperature above this zero point will thus be a heat 
stimulus, any temperature below it a cold stimulus; and the deter- 
mination of the zero point is, consequently, the first step towards the 
definition of particular adequate stimuli. The physics of heat speaks 
of an absolute zero point (the tempeiature at which the tension of 
gases == o) and of a conventional zero point, established in reference 
to a particular substance (the temperature at which water freezes). 
Neither of them has anything to do with the point of indifference 
between sensations of cold and warmth We shall, therefore, speak of 
this indifferent temperature as the physiological zero pointy to distinguish 
it from the limiting values employed in physics 

2. Our most obvious course would now be to take as our phy- 
siological zero point the neutral normal temperature of the nerve 
endings which mediate thermal sensation, and to regard every 
increase of this normal temperature as a heat stimulus and eveiy 
decrease of it as a cold stimulus But, apart from (i) the difficulty 
of a direct determination, we have to remember that (2) the epidermis, 
a poor conductor of heat, intervenes bebveen the external source of 
heat or cold and the terminal nervous apparatus, and that its normal 
temperature, which is vanable, is algebraically added to that of the 
stimulus. Then, again, (3) it is a familiar experience that the point 
of indifference between sensations of cold and warmth depends upon 
the present tempeiature of the skin; or, in other words, that the 
neutral normal temperature of the nerve ending is capable of adaptation, 
within wide limits, to the superficial temperature. And (4) it is 
questionable whether the thermal stimuli as such give rise to the 
corresponding nervous excitation, or whether the stimulation process 
proper is not rather to be looked for in the mechanical effects which 
warming or cooling of the skin produces upon the nervous apparatus. 
Taking all this into consideration, we shall probably do best to make 
the neutrally sensed, normal tempeiature of the skin our physiological 
zero point. It will average about 34° C. Increase of this normal 
cutaneous temperature is sensed as warmth, decrease as cold Each 
sensation can be obtained in two ways, by increase (diminution) of 
the heat supply, or by inhibition (facilitation) of the output of heat. 
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for the effects of pressure and teinperatuie But such a view is 
negatived (i) by the fact that the coq:)uscles of Pacini, touch coipus- 
cles and end bulbs have a much moie limited lange of distribution 
than the cutaneous sensations; (2) by the observation that the cornea, 
which is sensitive to pressure and temperature, contains only free 
nerve endings; and (3) by the result of a direct comparison of cold, 
warm, and pressure spots with the nervous structures underlying them, 
which showed that they bear no uniform relation to the terminal 
organs in question The corpuscles appear, therefore, to have no 
definite reference to the quality of sensation, but to be intended 
either for the protection of the nerves or for the more accurate 
distribution and isolation of stimulation On the other hand, Gold- 
scheider believes that he has discovered a difference in the character 
of the nervous terminations underlying pressure spots and tem- 
perature spots respectively. In the former case, the fibrils are spread 
over a larger cutaneous aiea, innervating a relatively extensive portion 
of the conum. It may be that this plate of interlacing fibres is the 
specific substrate of the perception of pressure 

The sensory nerves of the skm pass into the posterior columns of 
the spinal cord, and there ascend in the white masses by a fairly 
direct path to the cerebral cortex, which they reach in the neigh- 
bouihood of the central convolutions. A certain proportion of their 
fibres, however, enters the gray substance of the cord, where the 
origination and propagation of an excitatory process is in general 
slower and more difficult. This fact has been used to explain the 
appearance of the after-sensation The excitation of the gray sub- 
stance gives rise to a second sensation, but the relations of excitability 
and conduction obtaining there are such as to defer its appearance 
until a noticeable interval has elapsed after the passing of the primary 
sensation, mediated by the white substance. (Cf., however, § 9. 9.) 

§ II. Sensations of Temperature 

I. Temperature sensations differ from pressure sensations, which 
we have found to possess but a single quality in consciousness, in 
including a duality of qualities, warmth and cold. We need make no 
detailed inquiry as to whether these are the only forms of temperature 
sensation possible, since the fact is universally admitted. And there 
IS equal agreement with regard to the general designation of the 
stimulus adequate to the sensitive organ. All bodies which give out 
or take up heat in the physical sense, in other words, all thermal 
stimuli, are adequate to the excitation of sensations of warmth or cold, 



§11. SENSATIONS OF TEMPERATURE. 


93 


whether by way of direct contact or (as in the case of radiant heat) 
of operation from a distance. But difficulties arise when we come 
to ask ior the special conditions ot sensations of warmth and cold. A 
simple increase or diminution of temperature can change either sen- 
sation into its opposite, the path of change lying through a point of 
indifference or zero point (There is no analogy to this fact in the 
spheie of sensation, though there is a very complete one in that of 
feeling.) Any temperature above this zero point will thus be a heat 
stimulus, any temperature below it a cold stimulus; and the deter- 
mination of the zero point is, consequently, the first step towards the 
definition of particular adequate stimuli The physics of heat speaks 
of an absolute zero point (the temperature at which the tension of 
gases = o) and of a conventional zero point, established in reference 
to a particular substance (the temperature at which watei freezes) 
Neither of them has anything to do with the point of indifference 
between sensations of cold and warmth We shall, therefore, speak of 
this indifferent temperature as the physiological zero pointy to distinguish 
it from the limiting values employed in physics. 

2. Our most obvious couise would now be to take as our phy- 
siological zero point the neutral normal temperature of the nerve 
endings which mediate thermal sensation, and to regard every 
increase of this normal temperature as a heat stimulus and every 
decrease of it as a cold stimulus But, apart from (i) the difficulty 
of a direct determination, we have to remember that (2) the epidermis, 
a poor conductor of heat, intervenes between the external source of 
heat or cold and the terminal nervous apparatus, and that its normal 
temperature, which is variable, is algebraically added to that of the 
stimulus. Then, again, (3) it is a familiar experience that the point 
of indifference between sensations of cold and warmth depends upon 
the present temperature of the skin, or, in other words, that the 
neutral normal temperatuie of the neiwe ending is capable of adaptation, 
within wide limits, to the superficial temperature. And (4) it is 
questionable whether the thermal stimuli as such give rise to the 
corresponding nervous excitation, or whether the stimulation process 
proper is not rather to be looked for in the mechanical effects which 
wanning or cooling of the skm produces upon the nervous apparatus. 
Taking all this into consideration, we shall probably do best to make 
the neutrally sensed, normal temperature of the skin our physiological 
zero point. It will average about 34 C. Increase of this normal 
cutaneous temperature is sensed as warmth, decrease as cold Each 
sensation can be obtained in two ways, by inciease (diminution) of 
the heat supply, or by inhibition (facilitation) of the output of heat. 
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3' Temperature sensations, like pressure sensations, cannot be 
excited in the same degree at all pomts of the skm Thns^ there 
appears, as a rule, to be no direct sensation of cold or warmth producible 
by direct stimulation of the mucous membrane throughout the oesoph- 
agus and downwards to the excretory passages Temperature sensations 
which we localise in the interior of the body must be regarded as due 
to a change of temperature propagated from within to the external 
skin Nor is that umformly sensitive A careful examination of those 
portions of it which are accessible to experimentation has led to the 
discovery of points particularly sensitive to cold and heat, as well as 
to pressure. They can be found not only by thermal stimulation 
(hollow metal cyhnders, pointed at one end, filled with a liquid of the 
requued temperature) ; but by electrical (weak mduction current) and 
mechanical (pointed piece of cork) as well Blix and Goldscheider, 
accordingly, speak of warm and cold spots, and regard them as the 
pecuhar terminal organs of the temperature sense, and as independent 
of the pressure spots The warm spots, m their opmion, are locally 
distinct from the cold spots. No cold sensation can be produced in 
the former, no warm sensation in the latter These observations, 
however, were not confirmed by Dessoir, and are theoretically so 
improbable that we may dechne to accept them It is difficult to 
know what to think of a cold spot, which when affected by a ther- 
mally indifierent mechanical stimulus mediated a noticeable sensation 
of cold, and when carefully touched with a point of heated graplute 
gave a vivid sensation of warmth. The familiar fact of the adaptation 
of the nerve to the momentary normal temperature of the skin can 
hardly be brought mto harmony with the existence of special apparatus 
for the two qualities of the temperature sense. It is, therefore, quite 
possible, — indeed, it seems to be shown by pathological observations, — 
that the sensations of pressure and temperature are dependent on 
different nervous organs , but it is probable that the sensations of cold 
and warmth are referable to diffeient forms of the excitatory process 
within one and the same nerve 

4 Not much can be said at present of the anatomical substrate 
of temperature sensations There is no proof that any of the four 
forms of the terminal organs of the cutaneous sensory nerves (§ lo 6) 
has as its specific function the taking up of thermal stimuh Gold- 
scheider's histological examination of fragments of skin upon which 
cold, warm, and pressure spots had been determmed, led him to 
declare that a characteristic difference obtained between the nerve ending 
beneath a pressure spot and the nerve ending beneath a temperature 
spot (§^ lO' 7), but did not indicate the existence of any difference 
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between the cold terminations and warmth terminations assumed by Ins 
theory This is noteworthy Dessoir attempts to show that the ‘ free 
nerve endings are the specific organ of temperature sensations It is 
certainly not without significance that the compact bundles of nerve 
fibres beneath cold and warm spots are found in the immediate neigh- 
bourhood of blood vessels 

Not much is known, again, of the further course of the nerves which 
conduct thermal excitation towards the centre They probably ascend 
to the brain, like the pressuie nerves, through the posterior columns 
of the spinal cord. The cortical centre, which was formerly thought 
to be m the gyrus formcatus, is now placed m the gyrus sigmoideus 

After-sensations of warmth have been observed, of a kind similar to 
those of pressure The blank inteival between primary and s'condary 
sensation amounted to about i sec It is, therefore, conjectured that the 
thermal excitation also undergoes dispersion into the gray substance 
of the cord (§ lo 7), and that there summation and retardation of 
stimulation take place 

5 Presupposing that a single nervous organ serves for warmth and 
cold sensations alike, we may entertain various ideas as to the exci- 
tatory process within it According to Henng’s theory of the tempera- 
ture sense, two opposed piocesses, assimilation and dissimilation, run 
their course m the sensitive nervous substance If they are m equihb- 
num, they cancel each other but the prepohderance of the one or the 
other means the appearance in consciousness o' a defimte sensation 
The sensation of cold corresponds to assimilation, which is produced 
by the sinking of the neutral normal temperature of the skin ; that of 
warmth to dissimilation, produced by the rising of this temperature As 
Hering has assumed the existence of antagonistic nervous processes 
in other nervous structures, e g , the visual substance, he should evi- 
dently have mentioned the specific characteristics, which explain their 
present function for temperature sensations At the same time, the 
general idea fits in most easily to a theory of temperature, — smce 
temperature sensations do pass mto each other through a point of 
indifference, and do cancel one another to a certam extent Their 
analogy with the feehngs (§ ii' i) explains how it is that the same 
idea recurs in connection with affective theory (§41 4) 

Passing over general hypotheses of this nature, we may suppose 
that the rise or faU of the cutaneous temperature produces a contraction 
or expansion of the leiminal nerVous apparatus, and so sets up an 
excitatory process, which corresponds to the sensation of warmth or cold. 
On this view, there would he nothing surprising m the occunence of 
separate waim and cold spots, since the difierent character of the tissue 
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in different parts might be expected to offer mechanical conditions 
favourable sometimes to heat and sometimes to cold. Any attempt 
at further detail in this connection would lead us into idle conjecture 

The physiology of the sense-oigans usually attributes to the skin, besides the 
senses of pressure and temperature, those of space, locality and touch; and tends 
to regard pam (which it designates a common feeling, § 3 S) essentially a 
cutaneous quality. We must enter a protest, m the inteiests of clearness and 
logical consistency, against this extension of the meaning of the woid ‘sense’. 
The cognition of spatial relations is not the exclusive puvilege of the skm; — we 
estimate extent and distance, we peiceive form and locality, by the aid of eye and 
of movement of our limbs, to say nothing of sensations of smell and hearing The 
term ^ sense’, as ordinarily understood, and as used m psychophysics, can be employed 
only to cover the system of sensations con elated with a definite organ As the 
sensations of pressure and temperature cannot, in the present state of our know- 
ledge, be referred to special oigans, it is best to speak of the ‘cutaneous sense’ 
in general, as mcliisive of botli classes of sensations. Dessoii’s proposed teimi- 
nology sets up a haptics alongside of the tempeiature sense, and distinguishes 
witlim it a sense of contact and a sense of touch (pselaphesia) Here is displayed 
the tendency, which we previously condemned (§ 4. 10), to name sensations m 
accordance with the external processes of which they are the symbols, or from their 
physical conditions The only unequivocal principle of nomenclature is that based 
on the reference to the peripheral organ. 


(2) The Quality of the Sensations of Taste and Smell 
§ 12. The Qualities of Taste. 

I The mucous membrane which Imes the cavity of the mouth, 
and the upper surface of the tongue are not only adequately excit- 
able by pressure and temperature stimuli, but contain organs for the 
mediation of sensations of an entirely new order — sensations of taste 
In popular parlance we call all the sensations that are pioduced in 
the mouth ‘tastes’, and speak of a ‘hot’ or ‘pungent’ taste as we do 
of a ‘sweet’ or ‘salt’ flavour. And since there is such an intimate 
local connection between sensations of smell and the sensations of 
the buccal cavity, and both may be excited by the same stimuli, we 
are apt to attribute to gustation the far more numerous qualities of 
olfaction; we talk in conversation of the ‘taste’ of fish or wine, and 
declare that we can ‘taste’ nothing, when the olfactory mucous membrane 
has been rendered anaesthetic by an inflammation. Even m chemistry 
and mineralogy, in which a statement of the gustatory properties of 
substances forms part of their scientific description, it is not infrequent 
to find this confusion of the functions of different sense-organs. 



§ 12 . THE QUALITIES OF TASTE. 


97 


The first problem which psychology has to solve, therefore, is that 
of the qualities of taste proper Since this problem was formulated, 
there has been a steady reduction m their number Liniraeus 
distinguished ten, latei observers six, while there is general agreement 
at the present time that four are all that can be claimed : sweet, hit- 
ter, acid and salt There are, however, some psychologists who would 
add alkaline and metallic to the list. 

2. There are two principal methods for the determination of modal 
sensitivity, which we may term in brief the physical and the physiol- 
ogical. The physical method consists in the running through the 
whole scale of adequate stimuli, and accurate observation of the parallel 
alterations in conscious quahty In the senses of sight and hearing 
it has led to a relatively exact determination of the number of possible 
sensation qualities Unfortunately, it has so far proved altogether 
inapplicable to the senses of taste and smell, for the reason that we 
cannot define stimulus adequacy for either sense-organ. We are 
Ignorant of the physical and chemical basis of taste, and when we 
speak of a substance as ‘sweet’ or ‘bitter’, we simply state the fact 
that its effect upon the organ of taste is to arouse that sensation, not 
denoting by the adjective a property capable of objective definition, 
independently of the sense-organ, like that of weight or heat All 
that we know at piesent of the objective nature of gustatory substances 
is that they must be in a fluid condition, to produce an effect upon 
the sensitive surface But there is no definite relation between degree 
of solubility and gustatory value. Solubility would seem to be merely 
a mechanical condition of the occurrence of a taste excitation, the 
nervous structures being set very deeply in the tissues. Not every 
fluid or soluble substance can excite gustation; while two substances 
of very different chemical constitution, like cane sugar [C^ 2 ^23 J 
and lead acetate [Pb (Cg H3 O^)^], may give precisely the same 
taste 

3 More has been done for taste by the physiological method, 
though much still remains to be done The method has two forms. 
It consists (i) in the examination of the entire sense-organ by means 
of delicate and cleanly cut stimuli. Such an examination is possible 
only for certain organss As apphed to the skin, the method has 
led to the discovery of pressure and temperature spots. In the 
domain of taste, it has shown that differences of perceptive power 
exist as between the vanous parts of the tongue and ^buccal cavity, 
and has enabled us to map out the areas excitable by taste No 
nervous organ, however, has as yet been found, which serves ex- 
clusively for the mediation of one particular taste (2) In its alternative 
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form the method consists in the excitation of the neives by general, 
inadequate stimuli. A gentle mechanical pressure on the root of the 
tongue will aiouse the sensation of bitter, while electrical stimulation 
gives nse to acid and alkaline tastes, — probably simply in consequence 
of the electrolytic decomposition of the saliva Recently, however, 
the induction current has been reported as exciting sweet and bitter 
also Neither of the physiological methods has been able to furnish 
us with a complete list of all the possible taste qualities 

My own observations lead me to think that there are only four gustatory quali 
ties. If I apply a metallic or alkaline substance to iny tongue, I never obtain 
anything more than a salt or acid flavour — apart, of course, from sensations of 
temperatme and of different degrees of pressure I should refer the astringency 
of a ‘taste’ to these latter, — No investigatoi has been able to discover a variety 
of qualities within any of tlie four principal categories A very large number of 
experiments has been made, always with negative result As different sweet, 
bitter, acid and salt substances were applied, the sensation either remained un- 
changed, or, if it altered, did so only in respect of taste intensity or the cutaneous 
and olfactory elements involved m it. 

4 There is no indication of a continuous transition between the 
four qualities which tastes appear to present, as there is between the 
qualities of tone sensations They form, not a one-dimensional 
manifold, but a discrete system of unknown relations. Ordinary 
language, it is true, opposes sweet to the other three qualities, but 
evidently only for the reason that sweet is pleasant, even at a con- 
siderable intensity, while the rest (and especially bitter) become 
unpleasant when they have reached a very model ate degree of stiength. 
Relations of contrast, however, appear to be made out The efiect 
of an acid is enhanced by a previous sweet, and if salt and sweet 
are simultaneously applied to different parts of the tongue, each 
sensation is noticeably strengthened by the other On the other 
hand, if two substances of different flavour are mixed, and the mixture 
tasted, the discrimination of the two original qualities, though possible, 
is not so easy as if they affected different parts of the tongue at one 
time or the same part m succession. Such experiences are not as 
convincing as they would be if the possibility of chemical change in 
the gustatoiy substances were excluded Still, they may be allowed 
to modify our oiiginal statement, that the directions of relation within 
the system of tastes are unknown, to some extent we may suppose 
that the four sensations do not come and go in complete independence 
of one another, but that there is some sort of connection between 
them, or rather, between their physiological substrates. These facts, 
however, rightly belong in the second mam chapter of psychol- 



§ 12, THE QUALITIES OF TASTE. 


99 


ogy, which deals with the connections of the conscious elements 

5. The parts of the buccal cavity sensitive to taste are the tongue, 
the hard and soft palate, the uvula, and the palatal arches Not ail 
of these are sensitive in all cases, and not all that are sensitive in 
an individual case are equally so. On the whole, the most sensitive 
part seems to be the root of the tongue It is an every day expenence 
that if we wish to bring out the full taste of a substance, we take 
it back to the root of the tongue, and execute certain movements which 
place it m contact with the greatest possible number of the nerve 
endings there situated The tip of the tongue is for many persons 
almost exclusively excitable by sweet, and altogether insensitive to 
bitter. The middle of the tongue is wholly irresponsive to gustatory 
stimuli. The edges are sensitive only in certain cases The state- 
ments made in the literature as to the sensitivity of median surface 
and edge are extremely conflicting. 

It seems that certain substances can destroy our sensitivity for 
particular excitations of taste. Thus a soluton of cocaine hydrochlo- 
rate inhibits the sensation of bitter, while leaving sweet and salt 
intact; and gymnema silvesire inhibits sweet in the same way 

Nausea, which was formerly looked upon as a gustatory sensation, 
is probably an unpleasantness arising in connection with muscular 
sensations, which precedes vomiting and is especially noticeable when 
there is a tendency to the vomiting movements It has been found 
that an antiperistaltic reflex movement is necessary for the appearance 
of nausea, so that it can be caused only by stimuli which excite 
that reflex. Such would be the mere idea of unpalatable food, an 
unpleasant taste, or a simple mechanical pressure upon the root of 
the tongue. Any one of these can arouse the sensation of nausea. 
If, however, the unpleasant stimulus is removed by swallowing, there 
IS no nausea. It cannot, therefore, be a quality of taste 

6. A theory of the qualities distinguishable within the sense of 
taste must in its turn begin with the consideration of anatomical and 
physiological facts. The terminal organs of the nerve of taste (the 
glossopharyngeal and the chorda tympani of the facial) are the taste 
buds or taste beakers, structures consisting of cover cells and taste 

^ cells proper. These organs he in peculiar folds of the mucous mem- 
brane, the cii cum vallate, fungiform, and foliate papillae. The former 
are confined to the posterior portion of the surface of the tongue, 
the other two occur both at the tip and on the edges Taste beakers 
have also been found in the soft palate, the larynx, and the vocal 
chords. Their distribution accords tolerably well, therefore, with the 
results of experimental determination of the sensitive parts of the buccal 
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cavity. It is doubtful whether the taste cells possess a specific 
sensitivity to particular qualities; their small size and close packing 
render expenmentation exceedingly difficult. Oehrwall stimulated his 
own fungiform papillae separately, by the aid of delicate pencils, and 
states that all proved to be sensitive to pressure, heat, and cold, but 
that some showed a taste reaction only to certain stimuli. 

We cannot decide at present for or against the hypothesis of 
special terminal apparatus for sweet, bitter, acid, and salt. The 
contrast phenomena mentioned above do not favoui it In any 
event, we must assume that the excitations undeilymg these qualities 
have physiological differences, — although we are unable, as things 
are, to say wheiem these differences consist, or what is the actual 
course of the pi o cess of stimulation. 

The central organ for excitations of taste was formerly placed in 
the gyrus hippocampi and the gyrus uncinatus. Recently it has been 
transferied to the neighbourhood of the coronal suture, on the convex 
surface of the longitudinal fissure. 

M von Vmtschgau, Physiologtt des Geschmackssinnes Hermann’s Handb, d, 
Phystologie^ III 5 Abth. 2, pp 145 jflf 

H Oehrwall, Unicrsuchungen uber den Geschmacksstnn, Skandinav. Arch* /. 
Phystol , II , pp iff 

W. Nagel, in Handbuch d Phynol , III , 1905, 621 ff 

§ 13. The Qualities of Smell. 

I. The organ of smell is situated in the upper portion of the 
nasal cavity Important as the sense is— it has been teimed the 
guardian of respiration, and it certainly shares with the sense of taste 
the wardship of digestion— we have but little positive knowledge of 
its functions. Gustatory qualities are so few that they can be deter- 
mined even without the aid of a scale of adequate stimuli, but the 
qualities of smell are so numerous that a similar lack of guidance 
has hitherto prevented us from ascertaining their number and inter- 
connection. Psychology can hardly go beyond the expenence of 
every day life, which gives to the qualities of smell the names of the 
substances that occasion them. It is significant that language, which 
distinguishes sweet and acid, hot and cold, heavy and light, white 
and red, has no special names for odours, but uses descnptive terms, — 
the fragrance of the rose, the scent of the violet, the perfume of 
the carnation, etc. Smell is, m this respect, analogous to hearing, 
and Jean Paul has somewhere spoken of a ‘harpsichord of scents’. It 
seems that the particular qualities of olfactory sensation are not correlated 
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with groups of diffeient substances or bodies, but stand in a specific 
lelation. to their souices; so that the fragrance of the rose, e.g., can 
be obtained only from the rose, and not from anything else. Here 
again, we have an analogy with auditory sensation, and the peculiar 
lelation existing between clang colour and the particular source of 
sound In the case of smell we have no explanation of the phenomenon 
to offer. The division of olfactory qualities into agreeable and disa- 
greeable smells merely indicates thbir close connection with the feelings 
of pleasantness and unpleasantness. 

2. It was thought until recently that only gaseous substances could 
serve as stimuli to the sense of smell This opinion was based upon 
a single experiment, originally made by E. H. Weber and but a few times 
repeated. Weber poured into his nose a mixture ot water and eau- 
de-oologne (in the proportion of ii i), and found that a sensation of 
smell occurred only m the first moment, before the liquid had reached 
the olfactory membrane. Aronsohn, some forty years later, discovered 
that the whole experience was so unpleasant, and the blunting of the 
sense of smell so lasting, that it was impossible to say whether the 
liquid after contact was smelled or not. But by considerably reduc- 
ing the concentiation of the mixtuie, and using an mdiflferent salt 
solution of 0*73 p.c. to dilute the olfactory substances, Aionsohn 
obtained, at a temperature of 40® C , distinct sensations of smell 
in himself and others during the contact of the liqmd with the sen- 
sitive surface. However, results amved at in this unusual and uncom- 
fortable way are less reliable (in the author’s observation) than those 
gamed in the ordinary manner by inspiration, while they also mdicate 
a decreased sensitivity of the organ. We are, therefore, no better off 
than before as regards the nature of the olfactory piocess. Aronsohn 
further attempted to classify smells by the aid of a special form of 
the physiological method. He found that our sensitivity to certam 
substances can be blunted, while otheis are still able to excite sensa- 
tion. But the lack of objective guidance natuidlly prevented him from 
turning this interesting phenomenon to its full account 

3. We can at piesent, then, say nothing definite of the number 
and order of the olfactory quaUties It is probable from certain ob- 
servations that continuous transitions exist between them ; at least, 
the etliereal oils have been arranged m senes the terms of which are 
very similar. It seems, too, that no chemical element can excite 
smell. Electrical stimulation of the sense-organ has lately been found 
effective ; whether mechanical stimuli can excite an olfactory sensation 
IS doubtful. 

The theory of olfactory quahties is correspondingly incomplete. The 



102 


DOCTRINE OR ELEMENTS' SENSAT'IONS, 


upper portion of the nasal cavity is lined by the olfactory mucous 
membrane, characterised by a special thickness and a brownish 
colour. In it are distiibuted the terminations of the olfactory nerve, 
the first cerebral nerve Physiologists distinguish between supporting 
cells and smell cells proper, and conjectuie that both forms are con- 
nected with the tenninal fibrils or the nerve Nothing is known of 
the character of the excitation or of a specific leaction of particular 
cells to particular quahties. The cortical centie is placed m the 
gyrus hippocampi. 

M. von Vintschgaii, Phystologie des Geruchssinnes Hermann’s Handbuck dir 
Phystolo^Cf III . Abih 2, pp 225 ff 

E. Aronsohn, ExptnmenUlle UnUrsuchungen zur Physiologte des Gerucks 
Du Bois-Reymond’s Arch Phystologie^ i886, pp 321 ff 
W- Nagel, in Handbuck d. Physiol , III , I 905 > 5^9 fi* 

(3) The Quality of Auditory Sensations. 

§ 14. Auditory Stimulus and Auditory Quality. 

I. Hearing is, after vision, the richest and most important of all 
the senses It plays the largest part in our daily intercouise with one 
another, and forms the almost exclusive condition of one great depart- 
ment of artistic activity, — music. But the sounds employed by speech 
and music are of a complex kind; and we must, as psychologists, 
seek to determine the elementary quahties, thus variously combined 
to satisfy some of the supreme mterests and necessities of our lives. 
We are assisted in this endeavour by the customary and popular 
classification of auditory impressions into musical chords and noises, 
which at once suggests the existence of two corresponding classes of 
simple qualities The suggestion is home out by the facts of physi- 
cal acoustics. They show that sound, the objective cause of auditory 
sensation, may appear m the form of a periodic or an aperiodic con- 
cussion of the air; and that a compound periodic concussion,— the 
pecuhar cause of a musical chord or clang,— can always be analysed 
into a number of simple periodic movements, bearing a definite 
numerical relation to one another. The stimulus of the sensation 
complex given in a noise is an aperiodic concussion of the air, analys- 
able either as a highly complicated combination, or as an irregular 
alternation of simple movements. It does not follow from this, of 
course, that the elementary qualities must be different in the two 
cases, and, as a matter of fact, it has been mamtained that every 
noise, like every clang, is capable of resolution into tones. But a 
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tone invariably passes into a noise, if the duiation of the stimulus 
which occasions it is reduced to a certain minimum. We may 
accordingly divide the elementaiy qualities of audition into two groups, 
the first of which embraces iones, and the second simple noises, 

2. The concussions of the air set up by the movement of a sounding 
body are called mbratto 7 is, if they present a steady alternation of con- 
densation and rarefaction, and periodic vibrations, if each wave (movement 
to and fro, complete or double vibration) occupies the same peiiod of 
time. A periodic vibration is completely definable in terms of duration^ 
magnitude^ and form. The simplest form is that of a pendular vibration 
(curve of sines) in which the distance of the vibrating particle from 
the position of equilibiium is proportional to the sine of the time 
occupied by its movement Every complex form of pciiodic vibration 
can be analysed, as stated above, into a number of simple vibrations, 
whose periods are a half, a third, a quarter, etc , of the duration of 
the total vibidtion The mathematical discovery of these relations 
dates back to 1822, but the knowledge that the analysis of clangs 
performed by the ear accords with their theoietical reduction did not 
come till much later Simple vibrations differ m duration and magnitude, 
but not in form The duration of their penod (wave length) deter- 
mines the quality or pitch of the tone heard, its magnitude or amplitude 
the intensity of the tone We do not speak, however, of the duiation 
of a vibiation, but use the mverse value of the number of vibiations m 
the I sec The greater the number of vibrations in the i sec. or the 
shorter the wave length, the higher is the pitch 

3. We cannot give equally positive definitions of the physical 
equivalents of the sensation of noise An aperiodic vibiation of the 
air may be compounded of shocks of the most different kmds; and 
in the case of a quick, single concussion or non-penodic shock no- 
thing can be said of the form of the wave, although we may know 
something of its amplitude and duration In the case of complex 
noises, however, we have the physical possibility of a certain combi- 
nation of pendular vibrations as well as that of non-periodic con- 
cussions The whistling of the wind, or the musical nnitation of 
flowing water, is referable to the foimer cause, the crack of a nde to 
the latter. The elementaiy qualities involved are lespeclively tones, 
plus 4 :he beats produced by their interference, and simple noises The 
physical basis of the simple noise will accoidmgly be a non-peuodic 
atmospheric concussion of a certain velocity Whether its form shows 
any charactenstic differences we cannot tell* its quahty and intensity, 
like those of the tone, are dependent upon the duration and amplitude 
of ' movement. The simple noise undoubtedly has quality, height oj 
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depth, besides intensity' we will call it noise pitch. Periodic concus- 
sions of the an which are not vibrations excite a senes of discontinuous 
noises, if they pass into vibrations, and attain a ceitain rapidity of 
succession, we have clangs or tones. No strict distinction can be 
made in physics, therefore, between what we call noise and what we 
call clang or tone 

4. The fact that the air vibrations are longitudinal, while those of 
the sound producing body are transveise, is not of importance in the 
present connection. It is, however, worthy of remark that these 
transverse vibrations may take on very different forms The clangs 
of a violin differ essentially from those of a flute and an organ, even 
when their pitch is apparently the same The difference is expressed 
m the term clang colou 7 \ Every musical instrument has its own clang 
colour The explanation of this Tact is due to Helmholtz, who found 
that a special character is given to the fundamental in each case by 
the different number and intensity of its overtones. It is, therefore, 
necessary, in investigatng the elementary qualities of clangs, to employ 
instruments which are as far as possible free of overtones The best 
instruments of the kmd are tuning forks when placed upon a resonance 
box, or excitmg the ear through a resonator, they give a pure, clear 
tone; and then vibration rate can be minimally changed by a simple 
movement of running weights along their prongs The experiments 
quoted in what follows were almost exclusively made with tuning forks 
And in all of them the compared tones were given to the observer 
successively This has two reasons (1) the sensible discrimination of 
simultaneous tones is considerably less than that of successive, and (2) 
vibration rates which differ but a little from each other are liable to 
fluctuations in intensity (owing to the mterference of the sound waves), 
which render appreciation and judgment of the impressions exceedingly 
difficult, and at the same time formsh an indirect cnterion of their 
difference. 


§ i5. The Pitch of Tone and Noise. 

I. Qualitatively regarded, tones constitute a one-dimensional manifold. 
The position of a given tone withm the series is ordinarily indicated 
by the words ‘high’ and ‘low’. This determination, however, is not 
absolute, and cannot be made so For we have no names for the 
individual qualities; even those used m music are not the hard and 
fast equivalents of definite vibration rates, but relative tenns, enabling 
us convemently to establish or indicate some particular interrelation 
of tones. For the composei it is, witliin fairly wide hmits, a 
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matter of mdiffereiiLe with what vibiation rates the notes upon his score 
are imparted to the ear, provided only that their relations, t.e , the 
intervals are rightly rendered. Whether an instrument is tuned to an 
a = 435 or an = 440 is irrelevant for musical rendition in general, 
although It means very considerable absolute differences of pitch in 
the higher parts of the scale. There are two chief reasons for uni- 
formity (i) the limited range of certain instruments, and m particular 
the human voice, makes it desirable that the physical interpretation 
of musical symbols should not be too variable, while (2) the orchestral 
combination of a number of instruments naturally demands that their 
differences of attunement are not so large as to be noticeable. Nor 
IS there anything in the whole construction of the musical scale to call 
attention to the absolute significance of the separate qualities This 
connects with the fact that very few persons possess the power to 
recall accurately a tone of definite pitch The practically universal 
lack of ‘absolute tone memory’ compels music to give up any pre- 
sumption of a knowledge of the absolute qualities which she employs, 
if her influence is to be at all extensive For the comparatively few 
musical intervals, on the other hand, most of us possess a memory 
which is adequate to their sensible recognition, if it does not always 
extend to names. 

2 In the absence of names, lecourse might be had to the various 
characteristics of tone pitch,— the harshness and fullness of the bass, and 
the shrillness of the treble But as these, too, are insufficient aids to 
scientific inquiry, experimental psychology must seek help from special 
instruments. As regards modal sensitivity, we have to ask first of all 
whether the air vibrations on either side of the range of tones employed 
m music (about 40 to 4,000 vibrations) are capable of exciting sen- 
sation A careful exEimination by means of tuning forks, vibrating 

rods, etc., has shown that the lower limit of lone perception lies at 

about 16, the upper at about ^50,000 vibrations m the i sec, but that 
individual differences may largely alter these values, — especially the 
latter. Sensible discmnination, also, decreases considerably towards 
the upper limit of the scale. The number of tones audible within 
these limits has been determined by a systematic test of sensible 
discrimination by the method of^minimal changes as applied to differ- 
ence* determination, and that of right and wrong cases as applied to 

difference companson (cf. § 7. 6 and § 8. 3, 8). As the two modes 

of determination have given practically the same result, we may look 
upon this as fairly certain For the region 64 to 1024 vibrations 
(C to c* in musical terminology), the just noticeable difference (S) 
remams approximaytely = 0*2 vibration. The absolute sensible disci im- 
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ination is, therefore, constant ovei this pait of the scale. At 32 
and 2048 vibrations, vi^as found to be = 0*4 Above and below 
these ^pitches the absolute sensible discrimination appears rapidly to 
decrease. Practice has a marked influence upon the cognisability of 
differences. The absolute delicacy of sensible discrimination is also 
constant for the region 64 to 512 vibrations, and decreases on either 
side of it. 

3. We thus have data for a rough calculation of the number of 
distinguishable tones It is only a matter of the summation of an 
ordinary arithmetical seiies. If we call the first term a, the final term 

and the difference between successive terms the number of terms 
t — a 

« == — h I. We will put the aveiage difference limen for the 

region i6 to 64 vibrations at 05, for the qualities from 65 to 1024 
at 0*2, and for those between 1025 and 4096 at o 5 For the tones 
beyond this latter limit, we have only a few occasional observations. 
Thus it has been found that the most practised subjects ate unable 
to cogmse the objectively large difference between 12,288 and 16,384 
vibrations. We will, therefore, assume no more than 23 distinguish- 
able tones on the far side of 4096 The number of terms m the first 
part of the scale is 97, in the second 4800, 1x1 the third 6144; > 

11,064 in all We may, accordingly, say that a practised ear can dis- 
tinguish some 11,000 elementary qualities of tone The number of 
notes employed in music is curiously small m comparison Similar 
attunement presupposed, all the requirements of melody and harmony 
are satisfied by the scanty total of 85 (moie or less) tones or 
clangs. It IS evident that sensible discrimination did not furnish 
the principle upon which they were chosen. In asldng what that 
principle was, we must be careful to keep two things apart the 
arrangement of the notes, and the distance between them, (i) The 
arrangement is by intervals, which stand in definite relations to one 
another. The scaffolding consists of a division into octaves, within 
each of which is found a recurrence of precisely tire same har- 
monic connections This arrangement is altogether independent 
of sensible discrimmation : it is based upon facts of tonal con- 
nection, which we shall discuss in Pt. II., and is most inti- 
mately connected historically with the development of polyphonic 
music. (2) But the distance of note from note might have been any- 
thing, whatever the pimciple of anangement. That the smallest differ- 
ence is as much as a semitone must have its special reasons The 
first that suggests itself is the fact, that differences even of a quarter 
tone m the lower portions of the scale would meefn very small differ- 
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ences of vibration rate More iinpoitant, perhaps, is the consideration 
that .the most original and one of the most valuable of musical 
instruments, the human voice, is unable to render with any degree of 
certainty differences smaller than those which music employs, — a fact 
authenticated both by observation and experiment. Unfortunately, we 
are ignorant of the law which governs the voluntary adjustment of the 
larynx to increasing height of pitch. The conjecture that apparently 
equal difierences of adjustment correspond to equal relative increments 
of the vibration rates of the tones produced, deserves investigation. If 
it accords with the facts, the equality of the same intervals in different 
octaves, which appears self-evident to many musical persons, could be 
referred to the sensible discrimmation of the singing organ And we 
should have a very simple explanation of a seeming paradox, — that 
unmusical persons often possess a very accurate sensible discrimmation 
for the tones which they hears 

4. We have no direct means of determming the number of quali- 
ties of noise. The most obvious mode of proceduie is to dimmish 
the duration of an air vibration to the minimum at which tone ceases, 
and only a noise, a dull or sharp shock or stroke, is heard Investi- 
gations of this kind, to discover the qualitative limen of tonal sensitivity, 
have often been carried out. It has been found that on the average 
sixteen vibrations are necessary for the hearing of a quality in its fully 
determinate tonal character, — that this number marks the near limit 
of best possible discrimmability ; and that below this limit the distinct- 
ness of pitch decreases for all vibration rates, until at about two 
vibrations the tone passes over mto noise. These two vibrations do 
not, however, constitute a sharp line of division; they are subject to 
increase, and also to decrease, with different individuals and with the 
same individual at different times. Now at the dividing line, two 
qualities have been found to be distinguishable, wh^ose vibration rates 
were m the proportion 48 . 49. This would give an average difference 
limen of some 4 vibrations for the region investigated (80 to 250 
vibrations). Sensible discrimination for simple noises would conse- 
quently be twenty times less than that for tones ; and we should have- 
presupposing the same range of sensitivity — only about 553 disenm- 
inable qualities of noise. The total number of auditory qualities dis- 
criminable under the most favourable conditions (of individual endow- 
ment, of attention, and of external experimental conditions) would then 
amount in round numbers to 11,600 

5. It has been suggested that the sensation of silence is a special 
auditory quality,— the sensation normally mediated by the ear m the 
absence of external stimulation, and analogous to the intiinsic retinal 
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lii^ht familiar to those possessed of normal vision The sensation is 
said to occur ‘ in the African desert, on the Alpine glacier, on Icelandic 
fields of desolate lava, on the unmoved ocean’. The difficulty of realising 
these conditions prevents the experimental examination of the pheno- 
menon ; but we are probably justified in supposing that the sensations 
intended are those excited by inleinal auricular stimulation. Closure 
of the external auditory meatus often produces a high tone, and regularly 
occasions a kind ot humming or buzzing, which becomes disagreeably 
insistent in certain pathological cases even when the meatus is left 
open. The same high lone appears in what is called 'singing in the 
ear’. It has been caiefully investigated, and appears to be the 
resonance tone of the middle eai, the cavity of which would emit 
a sound m response to vibiations of this particular pitch ^ 

Inadequate stimulation of the acoustic nerve by the galvanic current 
gives the sensation of the same high tone It is probably always 
present, therefore, but perceived only under especially favourable 
conditions The humming or buzzing proves to be dependent upon 
respiration, and varies m intensity synchronically with the heart beat. 
It seems to be due to the inrush of blood, which, also, becomes 
audible only in favouiable circumstances. 

§ i6. Theory of the Qualities of Audition. 

I. The nerve of hearing, the eighth cerebral nerve, divides into 
two branches, the cochleai and the vestibular Only the one of these, 
the cochlear, appears to subserve the functions of audition; the 
vestibular is connected with an organ for the preservation of the eqm- 
librium of head and body (§ 23. 5). The peripheral auditory apparatus 
IS extremely complicated. It has three principal parts, known as the 
external, middle and internal ear, (i) The external ear consists of a 
slightly beat tube, the external auditory meatus, of the pinna, and of 
the tympanic membrane, which forms the boundary line between it 
and the middle ear. The sound waves set up m the aur traverse the 
meatus, and set the tympanic membrane in transverse vibration. The 
membrane is funnel-shaped, and pointed inwards* when relaxed, its 
peculiar tone is one of some 700 vibrations m the i sec. ; with tension, 
this tone becomes higher. Hence deep tones axe as a rule heard 
under less favourable conditions of discrimination than high tones. 
(2) The middle eat consists of the tympanic cavity, the auditory ossicles, 
and the internal auditory meatus. By the latter, the Eustachian tube, 

’ In my own case the tone is generally ^ though 1 have sometimes found it to 
he If c* « ^ g*. „ 
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the cavity of the middle ear is placed in communication with the 
pharynx and the atmospheric air. The tension of the air within it can 
thus be kept approximately constant, and any mterfeience with the 
function of the tympanic membrane avoided The ossicles conduct 
the vibrations of the membrane onwards to the internal ear. In their 
passage across the tympanic cavity, the sound waves, which possess at 
the outset a relatively great amplitude and a relatively small force, aie 
transformed into excursions of relatively small magnitude and relative^ 
large force This is plainly of advantage for the stimulation of the 
internal ear and the delicate nerve endings which it contains All 
three auditory ossicles — malleus, incus, and stapes— stand in close 
articular connection. The handle of the malleus is affixed to the 
tympanic membrane, the plate of the stapes to the membrane of the 
oval window of the labyrinth, a membrane which divides the middle 
from the internal ear The pull exerted on the tympamc membrane 
by the malleus facilitates its adaptation to waves of diffeient form and 
duration, and accelerates the damping of its vibrations. Two muscles 
of the middle ear deserve mention- the tensor tympam and the stapedius 
Contraction of the former diaws the tympanic membrane inwards; that 
of the latter probably lessens the pressuie of the stapes upon the oval 
window. The mam function of both seems to be the protection of 
the organ against too violent concussions of the air. 

2 (3) The internal ear or labynnth consists of the vestibule, the 

semi-circular canals, and the cochlea N ervous terminations are found 
in all three divisions ; but it is probable, as mentioned above, that only 
those of the cochlear nerve in the cochlea are connected with hearing 
The cochlea is a hollow tube of two and a half turns, divided along 
its length by a bony shelf (lamina spiralis) upon which rests a mem- 
brane, the basilar membrane. The two sections of the cochlea are 
called the scala vestibuh and the scala tympam The former is again 
subdivided by a cuticular wall, which forms an acute angle with the 
basilar membrane, and is known as Reissner’s membrane This tiian- 
gular portion of the scala vestibuh, called the cochlear canal, contains 
the essential parts of the whole structure, — the arches of Coiti, ai ranged 
along the basilar membrane, and the reticulated membrane supported 
by, them, through which the buslle-hke continuations of the cells of 
Coiti project. According to the results of the most recent investiga- 
tions, the terminal fibrils of the cochlear nerve lie aiound and between 
these cells, but do not enter them The scala vestibuh starts from 
the oval window already mentioned, the scala tympani from a lound 
window, similarly closed by a membrane, on the other side of the 
labyrinth. The labyrinth is filled with a liquid, the endolymph or 
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water of the labyrinth, which tiansmits to the nerve endings the 
vibrations carried along the chain of ossicles to the oval window. 

3. The mechanical cause of the excitation of the auditory nerve 
is, undoubtedly, the impact of the total mass of endolymph upon the 
membrane of the round window, which follows from a push of the 
stapes against the oval window To explain the obvious dependency 
of tone sensations upon the properties of the external stimulus we must 
suppose further, that the differences in the form, duration and intensity 
of the movements of the endolymph, corresponding to similar differ- 
ences in the atmospheric sound waves, give a special character to the 
final nervous reaction And lastly, the fact that we can analyse 
compound periodic vibrations into their simplest components, that 
we can hear out, from a clang or compound clang, the tones which 
correspond to the simple vibrations discoverable by mathematical 
physics in the complex movement, requires us to assume the existence 
of a peculiar nervous apparatus, adapted to the purposes of acoustical 
analysis Now all that we know of acoustics in other connections 
leads us to believe that this analysis can be performed only by a set 
of instruments, adjusted within certain limits for sympathetic vibration 
to definite wave lengths We must, therefore, imagine that the cochlea 
contains instruments of the kind, whether it be that there are special 
structures for the transmission of special stimuli, or that the fibres of 
the auditory nerve themselves possess a selective excitability We may 
put the alternatives somewhat moie concretely. In the former case, the 
nerve would have its excitation simplified by the interposition of a 
graduated system of vibratile masses, each of which would be set in 
motion purely mechanically by the wave length to which it was 
attuned,-— just as a compound wave might be analysed into its com- 
ponents for our ear by the help of a number of appropriately adjusted 
tuning-forks. In the latter, the separate fibrils, t the separate nervous 
conduction paths, would have the property of being excitable only by 
vibrations of a certain wave length. 

4, The only psychophysical theory of audition elaborated up to 
the present time has chosen the first of these alternatives Helmholtz 
originally supposed that the analysers required were to be looked for 
in the arches of Corti. The hypothesis proved inadequate, however, 
since (i) these structures do not differ sufficiently in size, (2) there 
are too few of them (about 4000), and (3) they are absent in the ears 
of birds, whose hearing of tones and words cannot be doubted 
Hensen accordingly suggested that the basilar membrane is the important 
structure in auditory sensation He regards it as a graduated system 
of vibratile fibres. There are two reasons which support his view; 
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(i) the membrane is tightly stretched radially, while the longitudinal 
connection of its fibres is not at all close; and (2) it increases in 
breadth, from base to tip of the cochlear canal, in the proportion of 
I : 12 (0041 to 0495 mm.). It may, therefore, be regarded as a 
stringed instrument, the separate strings of which vibrate only to certam 
wave lengths The excitation of the fibres is, perhaps, mediated by 
the bristles of the cells of Coi*ti, which must be paiticularly responsive 
to the impact of the endolymph The number of cells is said to be 
between 16,000 and 20,000 and we saw that there were some 11,000 
distinguishable tones The differentiation of the nervous apparatus is, 
therefore, amply adequate to sensation 

At the same time, it is not difficult to see that the theory fails to 
answer certam questions, and leaves room for doubt at certam points 
It has been recently found that the auditory nerve itself is excitable by 
sound (cf § 9 6) This would seem to indicate that the mediation of 
the cells of Corti is not necessary for audition, and that vibratihty or 
selective excitability may be ascribed directly to the nerve fibres. 

5 It follows from our discussion of the simple noise above (§14 3, 

§ 15 4) that its theory will not constrain us to posit an especial 
anatomical and physiological substrate, over and above the cell of 
Corti The non-penodic air concussions forming its physical basis 
must excite a large number of fibres, and consequently blur the 
perception of pitch Indeed, we have a continuous transition from 
tones of perfectly definite quality to noises of practically indefinable 
pitch In speaking of the quality of a noise, we shall, as a rule, take 
account of the relatively strongest excitation The duration of a non- 
penodic air-concussion will, consequently, not always be proportional 
to its perceived pitch Thus the quality which we ascnbe to the snap 
of the electnc spark does not appear to approach at all nearly to the 
upper limit of tone perception, although its duration has been calculated 
to be only 0*00001 sec ' 

The Helmholtz-Hensen theory of auditory qualities has received 
confirmation from pathological cases of the abrogation of hearing over 
a certain part of the scale There are persons who are insensitive for 
particular tones The easiest explanation of this phenomenon can be 
given in terms of s]')ecific terminal apparatus or of a selective excita- 
bility of the separate nerve fibres 

The cortical centre for the impressions of each ear is situated in the 
temporal lobe of the opposite side 

H vou Helmholtz, Die Lehre von den Tonempjindtmgen Fifth, ed , 1S96. 
Engl trans , third «d.^iS95, 
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V. Hensen, Physiologic des Gehors. Hermann’s Handhuch dct PhystoL, IH,, 
Abth 2, pp. 3 ff. 

C Stumpf, Tonpsychobgic.^ Vol. I., 1883. 

Schafer, in Nagel’s Hmdbuch d. Physiol , III , 1905, 476 ff. 
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So far, whenever we have been able to compare the adequate 
stimulus with the sensations occasioned by it, we have found a ceitam 
parallelism between the two : the simple in stimulus has conesponded 
to the simple in sensation, and the objectively compound to the 
compound in experience. Intensive graduation of qualitatively similar 
pressure stimuli, and of temperature stimuli above or below the point 
of indifference, gave a parallel alteration of intensity in cutaneous 
sensation, without change of conscious quality ; and complex sound 
waves were correlated with a complex in audition, simple penodic or 
non-penodic air-concussions with a simple tone or a simple noise. 
There is no such correspondence between light and vision Our 
examination of visual qualities must, therefore, be prefaced— all the 
more necessarily, as the point is neglected in many psychological 
treatises— by an inquiry into the actual relations existing between sen- 
sation and the various forms of light stimulation. 

It IS indifferent for the present purpose whether we adopt the 
elasticity theory of light, or the more recent electromagnetic hypothesis 
For convenience' sake we will employ the usual termmology, and 
refer the physical process of visual stimulation to transverse vibrations 
of the ether particles. On this view, the velocity of the individual 
wave is very great, and (as with the soimd wave) very different in different 
cases. The difference is expressed either in wave lengths or in the 
number of vibrations in the i sec Thus, a light wave of 0*000589 mm 
length vibrates in the customary medium, atmospheric air, 509 billion 
, times in the i sec.* Simple nndulatory movements of this kind can 
be obtained, as a rule, only by the analysis of ordinary mixed light, 
which contains waves of the most various lengths. It is usual, there- 
fore, to distinguish mixed light from homogeneous hght, which consists 
of waves of approximately the same length and vibration rate 
2, In determmmg the qualities of visual sensation, however, we 
have to consider not only the difference between homogeneous and 
mixed light, but the vanalions of both in intensity, duration, and 
extension, and the results of the combination of hompgeneous with mixed 
light, and of particular homogeneous lights with one another. There 
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is a subjective effect corresponding to all these phases of the objec- 
tive process. But as duration and extension of stimulus^ if they affect 
the quality of sensation at all, affect it in practically the same 
way as does stimulus intensity, we need not discuss the influence of 
all three factois in detail 

{a) Mixed lights in which no particular wave length has a noticeable 
predominance, excites the sensation of light or of brightness. Inten- 
sive graduation of white light gives nse to a series of sensation quali- 
ties which constitutes a one-dimensional manifold analogous to the 
tonal scale, and extends from the deepest black to the most brilliant 
white There aie two peculiarities in this correlation: (i) an mtensive 
alteration of stimulus produces a qualitative alteration of sensation, and 
(2) a highly complex physical process corresponds to an entirely simple 
psychological expenence. Brightness sensations can be obtained m 
the gieatest purity by the reflection of mixed hght from a dead sur- 
face of the right absorptive capacity. White and black or gray 
papers are, therefoie, generally used for expeiiments on brightness 
sensations The sources of mixed light have all some trace of colour, 
due to the relative preponderance of certain rays for sensation. — 
We reach two conclusions, then (i) that bnghtness qualities do not 
possess intensity as a separate, variable attribute; and (2) that an 
analysis of the qualities contained in mixed light reqmres their spatial 
or temporal isolation 

3. ib) Homooeneous hght gives rise to colour sensattonsy the second 
series of visual qualities Alteration in wave length or vibration rate 
produces alteration in colour tone. Homogeneous light, in the stnct- 
est sense of the term, has never been seen, so that we cannot say 
how It would be sensed. Approximately homogeneous light can be 
aitificially produced* most conveniently by the refraction of mixed 
light. Thus, a pencil of white hght falling upon a glass prism issues as 
a band of colours, in consequence of the different refrangibility of 
rays of different wave length. The more mtensive the source of hght 
froha which this pencil proceeds, the more luminous are the colours 
The pure colours of the solar spectrum are, consequently, the most 
beautiful that we know. 

Here, the physically simple appears to be correlated with the 
psycht)logically simple. But, whereas the vibiation lates steadily in- 
crease from red to violet, becoming invisible outside both these 
limits, the colour sensations begin by growing more and more unlike, 
and end with tones more nearly resembling the first of the series. 
An analogy has often been drawn between the solar spectrum and 
the musical scale^^ m paitiqul^r the course of tone sensations within 
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the octave* but it is incorrect. Moreover, we can produce colours 
intermediate between the visible qualities of the two ends of the spec- 
trum, which are not represented by simple physical undulations. So 
that here, too, there is no exact correspondence between stimulus and 
sensation. 

It must also be noticed that what we call colour tone or colour 
sensation is always a biightness sensation also. This fact is best 
demonstrated by a gradual alteration of the intensity of a homogene- 
ous light We obtain a graduated senes from black (or dark gray) to 
white, within which the colour sensations occur from theii darkest to 
their lightest shade, with and without qualitative alteration. As the 
ends of the series are occupied by brightness sensations alone, we 
cannot doubt that these sensations are also present in the middle 
portion, where the colour is still visible. We thus have the cunous 
result that what we call a colour is really a connection of two 
simple qualities, colour tone and bnghtness It is not infrequent to 
find the bnghtness of a colour referred to as its intensity But as 
it is simply a sensation, which, under appropnate conditions, can be 
perceived alone, without any mtermixture of colour, this terminology 
leads to the paradoxical conclusion that bnghtness is a mere intensity, 
a non- qualitative sensation It is one of Hermg’s services to psy- 
chology to have restored the black-white series to its rights as a 
qualitative system Indeed, to speak of an intensity of sensation 
because the corresponding vanable quality of stimulus is called in- 
tensity, involves a quite unjustifiable tiansference of terms from phy- 
sics to psychology Our previous discussion of the attributes of sen- 
sation (§ 4) makes it indubitable that the bnghtness sensation, 
whether with or without colour, must be legarded as a quality. The 
connection of colour tone and bnghtness is the most intmate con- 
nection of qualities that we know m fact, in one sense it is insepa- 
rable, since a colour sensation cannot occur without a brightness 
quality We have, then, m visual sensation, a direct contradiction 
between the physical and the psychological, the physically simple 
(liomogeneous light) corresponds to the psychologically compound 
(colour tone + bnghtness), and the physically compound (mixed light) 
to the psychologically simple (brightness), 

4. (^) A mixture of two mixed lights of different intensities, each 
of which would give nse to a simple sensation of brightness, produces 
on the physical side a mean intensity, and on the psychological a bnght- 
ness sensation lying midway between the two primary sensations 
The physical mixture can be replaced for vision by a quick succession 
of the two brightnesses, eg., by the rapid rotation of a c;ircular 
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disc composed of black and white sectors The after-duration of the 
visual excitation is so great that we obtain the same psychological 
effect as if we had brought about an objective (compensatory) 
mixture of the components. 

id) The psychological result of a mtxiwe of homogeneous lights can 
be stated in three propositions* 

(1) A mixture of two homogeneous lights of very similar wave 
length produces a colour sensation, which occupies an intermediate 
place m the series of spectral colours between the sensations of the 
two pnraaiy lights The nearer the homogeneous lights are to one 
another, the more vivid or more satuiated is the intermediate coloui , 
and the more remote their vibration rates, the paler or thinner the 
colour. A mixture of red and yellow gives orange, of blue and 
green bluish green. 

(2) A mixture of two homogeneous lights of a certain difference ol 
wave length (not the same for all observers or all coloui s) produces 
a sensation, not of colour at all, but of brightness These lights are 
termed complemejitary colours^ and are psychologically characterised 
by the fact that their sensations present the greatest differences, 
form the greatest contrast to each other Hence, the complementary 
colours are also termed contrast colours. Red and greenish blue, 
yellowish green and violet, orange and cyan blue aie complementaries. 

If the difference of wave length is still further inci eased we again 
obtain a colour sensation of more or less saturation, belonging to the 
senes of purples, which is not represented in the spectrum 

(3) A mLxture of more than two homogeneous lights can always be 
reduced to a mixture of two, and so does not require any special 
discussion. There are three homogeneous lights — red, green, and 
violet — the mixture of which produces a simple brightness sensation This 
result becomes intelligible, if we substitute yellowish green t- greenish 
blue for green We then have two pairs of complementanes: violet 
+ yellowish green, and red + greenish blue These will excite a colourless 
gray whether taken singly or together It is plain that they are the 
only three homogeneous lights which can excite the sensation of 
bnghtness, since no other three can be resolved into two complemen- 
tary pans. The peculiarity has gained for them the name of primary 
colours.^ . 

5. These laws of mixture are valid only on the assumption of a 
definite intensity of the homogeneous lights which are to be combined 
In the solar spectrum, the complementary colours possess a different 
luminosity; but even apart from that, the amount of homogeneous 
light necessary to ‘complete complementariness differs in different 
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cases. We say, therefore, that the various spectral colours have 
different colouiing power Violet is strongest, yellow weakest; red 
and cyan blue have approximately the same power, approaching that 
of violet, orange and gieen are about equal and stand nearer to 
yellow. The rules for the mixture of homogeneous lights can be put in 
the form of a geometrical figure,— most conveniently in that of a 
triangle The thiee angles are formed by the primary colours, and 
in the centre is a point, B, denoting the sensation of bnghtness. 
There are two other properties of the primary colours which we 
may mention heie* (i) all the other colours can be obtained, at the 
relatively greatest degree of saturation, by their intermixture, and (li) 
no primary coloui itself can be produced by the mixture of the other 
two. If we mark the angles of the triangle B (red), G (green), and 
F (violet), the side BG will contam orange, yellow, and yellowish 
gieen, the colours intermediate between red and green ; and the side 
GF, the colours greenish blue, cyan blue, and indigo blue, the 

colours intermediate between 
green and violet. The base 
B F will contain the tones 
intermediate between red and 
violet, the purples, which 
are absent from the spectimn 
The lines of connection be- 
tween angles and sides of the 
tnangle, which intersect at 
or at other points not specially 
marked in the figure, indicate 
possible mixtures of remote 
terms of the colour senes, 
and their length is proportional 
to the colouring power possessed by the vanous colours (Fig. 7) 

6. This figure, however, is not entirely satistactory It gives no 
indication ol the fact that comparatively few mi?ttures of different 
wave lengths produce the sensation con elated with the mean wave 
length. Really, that is, the Imes RG and GF ought not to be straight, 
but somewhat curved The point G, in particular, with the neigh- 
bouring qualities on the prismatic spectrum, should he lower, "and the 
side GF follow a course similar to that marked in Fig 7 by the 
dotted line. But apart from these defects, the schema gives an 
instructive and simple demonstration of the incongruity between the 
physical and psychological series One and the same sensation may 
he obtained by the most various combinations ci physical processes, 
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every point of the area enclosed by the three sides of the triangle 
has passing through it an infinite number of lines of connection 
between pairs of homogeneous lights In consciousness, there is no 
trace of this unlimited wealth of sensation components , each separate 
degree of saturation which a colour piesents is as much a simple 
quality as the colour sensation originated by a definite, homogeneous 
spectral light On the psychological side, the senes of possible 
variations is covered by the parallel processes adduced under (a) 
and (6), Under (a) we have a series of pure brightnesses, under (3) 
a connection of colour tone and brightness m all possible degrees 
and proportions, with the single exception of a zero value of bright- 
ness. The mixture of mixed lights, and the mixture of homogeneous 
lights, (^:) and (d), give us no new sensation. Colour tone and 
brightness are, after as before, the sole kinds of simple visual qualities. 
But on the physical side, the list of possible variations is by no 
means concluded. 

7. (<?) The mixture of a homogeneous hght with mixed light produces 

a senes of double sensations, rising from the most saturated colour 
tone to simple bnghtness, accoidmg to the relative intensity of the 
components. Such a mixture gives us another physical means of 
varying the relation of colour tone and brightness within the colour 
sensation. The muxture of two complementary colours, or the simple 
illumination or darkening of a homogeneous light, serves the same 
purpose. The customary definition of the degree of saturation of a 
colour by the amount of white hght mixed with it is, therefore, psy- 
chologically incorrect: (i) because the alteration of depth pr vividness 
of a colour tone may have very different physical causes, and (2) 
because the most saturated spectral colour contains much more than 
a minimum of bnghtness, —the psychological eqmvalent of mixed light 
We shall, accordingly, employ the term saturation to designate simply 
the degree of distmctness with which a colour can be perceived as a 
paidicular quality over and above its brightness. Tiie greatest satura- 
tion is afforded by a certain homogeneous light of a moderate inten- 
sity ; and its degree is diminished, not only by the addition of mixed 
light, but by an alteration of intensity, and (under certain circumstances) 
by the intermixture of other homogeneous lights 

On ‘the assumption that a colour tone suffers no qualitative change 
in its different degrees of saturation, we might look upon these as 
constituting the real intensity scale of colour sensation. The same 
may be said of the saturation of brightness sensations, except that it 
is obviously not to be regarded as a variable intensity. ^ 

This concludes what we had to say of visual sensations, by way 



Ii8 DOCTRINE OF ELEMENTS: SENSATIONS. 

of preface to their special investigation Our result can be very simply 
formulated it is necessary to draw a sharp line of distinction between 
the physical and the psychological Physical optics has already banished 
the laws of sensation from the science of light psychology must now, 
in its turn, decline to apply physical ideas in the analysis of its facts 
and in its theory of visual qualities. Complementary colours, primary 
colours, mixture— these are all physical concepts, which bear a certain 
relation to the phenomena of sensation, but which must not be trans- 
ferred bodily into psychology Sensations do not mix, and sensations 
are not complementaries Whether these concepts have a physiologi- 
cal validity, whether, z\e , we can find m the nature of the optical 
nervous excitations an explanation of the lack of strict parallelism 
between stimulus and sensation, is another question. We shall seek 
to answei it later (§ 21), when we come to deal with the theory of 
visual qualities. 


§ 18, The Sensation of Brightness. 

I. The scale of colouiless sensations is very difficult to obtain m 
absolute purity, owing to the mfluence of impressions in the physical 
environment, and to empiiical habits of judgment. Our notion of 
‘ white’, in particular, is very fluctuating and uncertain. Brightness as 
such, e g,j a colourless sensation occupying the entire field of vision 
with complete uniformity, is given only under rare conditions. It 
may be realised by the deep black of a lightless space, provided that 
no subjective qualities are present to interfere with it As a general 
rule, the terms 'black’, 'white’, 'gray’, which we usually employ to 
designate sensations of brightness, are altogether relative. Writing paper, 
newly fallen snow, linen fresh from the laundry, etc., appear white, 
although their objective bnghtnesses are extremely different, and are seen 
to be different as soon as directly compared. In their ordinary sur- 
roundings, the colour tone of these substances (otherwise distinctly per- 
ceptible) IS forced so far mto the background, and their bnghtness 
so prominently brought out, that for lack of any absolute standard of 
refeience in sensation we place them all in the indeterminate category 
of ‘whites’. Our memory for absolute light intensities is very un- 
reliable, and its development has been prevented by the constancy 
of the relative sensible discrinaination, of which we shall speak 
presently (5 below). On the other hand, our memory for spatial 
form IS exceedingly accurate. This explains how it is that we come 
to attribute definite apparent brightnesses to particular objects as 
permanent predicates, which we ordinarily apply fii speech, although. 
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as a matter of fact, they do not remain constant. The closeness of 
the association of a definite spatial image of an object with a judg- 
ment expressive of its brightness (under certain conditions, which aie 
taken as normal) comes to be a convenient indirect ciiterion of the 
applicability of the predicate. Under these circumstances, it is not 
strange that ‘brightness’ and ‘whiteness’ should not always mean the 
same thing m popular pailance. The term ‘white’ is used m the 
first instance to mdicate absence of colour, the lack of any self- 
insistence on the part of a colour tone, or of its recognition on our 
part it IS the analogous concept to what we have called ‘satuiation’ 
m colour It consequently denotes the degree of dmstinctness with 
which brightness as such is perceived, while it covers very different 
degrees or gradations of brightness. Thus the snow may be whitei 
than the giay sky, and yet darker. That is, the snow is more 
colourless, and under the influence of its surroundings may even appear 
bnghter, although a direct comparison would prove that it is less bright 
2. As all this IS equally true of ‘gray’ and ‘black’, it might be 
imagined that the bnghtness sensation has two attributes attaching to 
it, besides its spatial and temporal characteristics, — quality, expressed 
by the words ‘white’, ‘gray’, etc, and intensity, expressed by ‘dark’, 
‘bright’, and intermediate names. But the two sets of terms are in 
reality very far from bemg independent of one another The degrees 
of ‘black’ and ‘white’ are meant to express degrees of brightness, just 
as much as those of ‘dark’ and ‘light’ It is not as if one and the 
same black or gray or white could run through all degrees of bright- 
ness, and possess different intensities at diffeient tunes The two sets 
of judgments are passed upon the same material, the same sensations. 
Their distinction depends not upon the existence of quality and inten- 
sity as vanable attnbutes of brightness sensations, but upon the double 
relation in which every such sensation is naturally placed A bnght- 
ness sensation is related on the one hand to all the rest of the 
brightness sensations, on the other to colour tones (by way of its 
punty, the absence of any intermixture of colour). The terms 
‘white’, ‘gray’, and ‘black’, are principally used in the latter connec- 
tion, ‘dark’ and ‘light’ m the former It is, therefore, quite allowable 
to speak of a saturation of colourless sensations, on the analogy of 
colour saturation, if we mean by it the degree of their distinctness 
Only, the greatest saturation of a brightness quality is given by the 
total absence of colour tone, and the minimum of saturation with the 
maximum of colour. It may be that the connection between colour 
tone and brightness is so intimate, that it is as impossible for brightness 
to occur without Colour, 'as for colour to appeal without brightness 
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the maximal satuiation of brightness would then be a limiting case, 
never actually realised. It is at least conceivable that what we call 
pure gray or jiure white would appear different if we had an absolute 
standard of reference and more accurate means of comparison But 
we should still be compelled to regard the black of a hghtless space 
and similar depths of darkness as puie qualities of biightness sensation, 
simply because m such cases there is no objective possibility of the 
origmation of a colour tone. 

3. Our sensible discnmination of brightnesses is diminished (as will 
be shown latei § 49) by their connechon with colour tones It is, 
therefore, difficult to determine the number of distinguishable bright- 
ness qualities, as the analogy of previous Sections requires us now 
to do Indeed, even the upper and lower limits of the scale can 
hardly be defined. Simlight, the brightest light known to us, is dazzling 
and painful, but we cannot say whether the brightest artificial lights, 
at a corresponding distance, would show a noticeable difference from 
the brightness of the stm. Every day experience seems to prove that 
our sensible discnmination of intensive brightnesses, absolutely measuied, 
IS exceedingly small, and that consequently, when once a certain de- 
gree has been reached, we shall not find many more distinguishable 
qualities. As to the lower limit of perceptible brightness we are in 
equal uncertainty The dark which we sense after a lengthened stay 
m a blackened chamber, from which every source of light has been 
cut off, is little different, if at all, from a less scientifically produced 
darkness, such as that of deep black velvet, upon which no direct 
light of any considerable intensity is allowed to fall, although the 
objective brightness is very different in the two cases. The reflected 
brightnesses which we ordinarily compare, vary between the limits of 
3700, that of brilliantly white paper, directly illuminated by sunlight, 
and I, that of a dead black paper, seen in the twilight. If the same 
two papers are uniformly illummated by diffuse daylight, the ratio of 
their brightnesses is about 60 : i. 

We cannot here discuss the various photometric methods. As those 
that axe in use at present are still based upon the comparison of 
sensations, for which some employ the procedure of minimal changes 
and others that of average error (§§ 7, 8), their results are not alto- 
gether comparable. Besides which, the physical formulae on which 
these results are calculated (the law of decrease of light intensity with 
the square of the distance from the source of light, the laws of polarisation, 
the Talbot-Plateau law) are not by any means necessarily a true reflec- 
tion of relations which obtain in the sphere of sensation comparison. 

4.' When It is further considered, that the brightness stimuli employed 
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in the investigation of our sensible discrimination for biightness have 
been possessed of different degrees of ‘colourlessness’, some observers 
havmg worked with varying intensities of artificial light and others with 
daylight, some havmg chosen shadows as the ob]ects of comparison 
and others gray papers, etc., it will not be found smpnsmg that the 
results are as divergent as they are Not only, the magnitude of the 
difference limen, but the laws of the course of sensible discrimination 
m general, are differently given by different observers. A certam 
proportion of these diffeiences is undoubtedly attributable to the 
influence of a number of variable sources of error^ of more or less 
significance, which have not received their due (or even, an equal) 
measure of attention from eveiy experimenter. One of these would 
be the adaptation of the eye for biightness, the importance of which 
IS borne in upon us by the famihar expenence of passage from the light 
into a dark room. Until the eye has become adapted to the new 
environment, we cannot distinguish the separate objects about us; z <?., 
perceive the differences of brightness which they present to vision 
Another is the accommodation of the eye for distance If the out- 
lines of the objects to be compared are not sharply drawn, but appear 
vague and blmred, our ability to remark their brightness differences is 
considerably impaired Yet others of these vaiiable factors are the 
magnitude of the bright surfaces compared, their relative positions, the 
duration of stimulation (the influence of which vanes with variation 
in the intensity of the mixed light employed), the character of the 
surroundings, rest or movement of the eyes, monocular or binocular 
regard, etc , etc. Of the general conditions of sensible discrimination, 
discussed above (§ 5) fatigue plays a principal part in the present 
connection 

It is no wonder, then, that some observers have found a constancy 
of the relative sensible discrimination, others a variation of it with variation 
in the absolute intensity of light; and that where constancy of the 
relative difference Iimen is maintamed, its magnitude is vanously 
given as At the same time, there seems to be 

no doubt that, within certain limits, the constancy of the relative 
sensible discrimination is an established fact. The essential thing is, 
that the experiments be made with similar retinal adaptation. Below 

and above these limits, — steadily increases. Difference companson 

has also given a relative equality of appaiently equal differences, foi 
certam regions of difference. But in this case, the results are crossed 
by the effect of contrast, to an extent which we are at present 
unable to determine with any accuracy. Its increase is certainly 
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not directly proportional to increase of the stimulus diiSFerences. 

5 Where results are so extraordinarily divergent, our ‘calculation* 
of the number of distingmshable bnghtness qualities cannot be much 
more than a guess We will assume that between the limits i and 
looo (i being a black situated towards the lower end of the bright- 
ness scale, but lOOO a white still comparatively far removed from its 
upper boundary) the relative difference limen is constant at xin- 
That IS a fair aveiage value. The scale of discriminable degrees of 
bnghtness may then be regarded as a geometrical progression, whose 
hist term (2 = 1, final term /= lOOO, and exponent e = If n 

IS the number of terms, / = di * i? n = approxi- 

mately 696. 

Adding to this total another 104, for the degrees of brightness 
on either side (but especially above) the limits chosen, we have 
the number of distinguishable quahties = 800 Not more than 
the half of these are at the disposal of the painter or etcher, who 
seeks to reproduce the bnghtnesses presented in nature. The whole 
senes of brightnesses obtainable by brush or needle is included within 
the limits expressed by the ratio i 60 (cf. 3, above). That both are 
able, nevertheless, to produce a successful imitation of the reality they 
copy, is plainly due to the constancy of the relative sensible discrim- 
ination, or, as it is called, to Weber’s law. This law (§ 26) says that 
differences are apprehended as equal, whether they hold between weak 
or strong stimuli, provided that their relation to one another remains 
the same. Thus a bnghtness difference of 200 between 1200 and 
1000 has the same ^effect upon us as one of 20 between 120 and 100, 
or one of 2 between 12 and 10. The pamter must only avoid 
the attempt to reproduce bnghtness differences which lie very far 
mdeed outside the limits imposed by his art. We, therefore, rarely 
find the midday sun, or any other extremely mtensive source of light, 
introduced into a picture — We can understand, if Weber’s law is 
valid, how it is that shadows and contours on canvass or in the 
objects which form our daily environment do not vary with every 
alteration in the strength of illummahon, but seem to remain practi- 
cally constant. A memory for absolute bnghtnesses, analogous "to the 
memory for absolute tone pitch, which we occasionally discover, or 
to that for spatial forms and colour tones, which we all possess in a 
greater or less degree, could not be developed under the circumstances, 
6 The foregoing discussion of our sensible discrimination for 
brightnesses is based upon observations made with direct vision, 
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with the centie of the ictma, or the 'spot of clearest vision’. We 
are not accustomed to employ the lateral portions of the retma for 
the cognition of objects, if we wish to get an exact visual idea of 
anything situated on the penphery of the field of vision; we bring 
eyes or head or the whole body into a position which renders a 
direct regard possible. Nevertheless, there are many ordmary ex- 
periences which should teach us that the lateral parts of the retina 
are by no means less sensitive to brightness than the central portion 
A umformly gray surface, such as a white-washed wall or a cloudy 
sky, does not appear to grow darker from the centre outwards, but 
makes the same qualitative impression ovei its whole visible extent. 
Since, as a matter of fact, the light which falls upon the peripheral 
regions of the letina is weaker, other things equal, than that which 
stimulates the centre, the truer conclusion seems to be, that the 
biightness sensitivity of the former is greater than that of the fovea 
centralis. And there are many other indications that this view is 
correct Stars of small intensity can be more quickly and easily re- 
marked in indirect vision than in direct. It has been shown, by elabo- 
rate experiments, that the retinal sensitivity for brightnesses inci eases from 
the centre outwards and inwards to about 25^, where it is some I’Z 
times as great as in direct vision , and from the centre upwards and 
downwards to about 15^ where it is some i 04 times as great as at the spot 
of clearest vision. Beyond these limits it appears to decrease again. 
The teleological significance of the arrangement is obvious, since the 
movements of the eyes are reflexly regulated by the strength of stimu- 
lation, and the limit of their excursion in different directions, while the 
body remains unmoved, is approximately given by these angular values. 
Some bright object or sudden change of brightness in the lateral parts 
of the field of vision impresses us, and we are able at once to direct 
the eyes upon it and obtain an exact perception of its nature. No 
systematic investigation has been made of the magnitude of sensible 
discrimination m indirect vision 

7 We cannot speak of a stimulus limen in the case of biightness, 
since even when the eye is at complete rest there is present in con- 
sciousness a colouiless sensation, the subjective black or 'mtrinsic 
retinal light’. We can, however, deterimne the brightness which is 
just noticeably different from this black. It is given, eg., by the weak 
shimlner of a platinum wire heated by the electric current, estunated 
at of the intensity of the light of the full moon Unfoitiinately, 
the mtensity of moonlight was here considerably underestimated 

There are still other sources of error involved in the exammation 
of our sensitivity ahd sensible discrimination for brightness, which call 
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for a passing mention. We have already remarked (§ 17. 2) that 
spatial and tempoial vaiialions of the mixed light employed modify 
sensations m the same "way as variations in the intensity of stimulus. 
It has been experimentally demonstrated that within certain, fairly 
narrow limits, an increase of stimulus duration or of the magnitude of 
its retinal image has the same subjective effect as the mcrease of its 
intensity Both duiation and magnitude must be conceived of as 
absolutely very small If the extension of the object of observation 
increases beyond a certain magnitude, differences of sensibility are involved 
(6 above), while the sense-organ may very well be unable to com- 
piehend the object in its entiiety. And when once a certain limit of 
duration has been exceeded, the qualitative change in sensation ceases, 
just as it did with tones in physiological language, the maximum of 
excitability has been reached. The only lesult of persistent stimula- 
tion IS an appaient diminution of the stimulus brightness, due to fatigue, 
or the appeaiances of a phenomenon which we shall come to know 
later undei the more general rubric of 'fluctuation of the attend on^ 
(§75 6) Lastly, eye movements serve to increase the sensitivity and 
sensible discrimination for biightnesses. A small difference can be more 
quickly and certainly remaiked, if the eyes are allowed to travel to 
and fro from the one brightness to the other. 

§ 19, The Sensation of Colour. 

X. If it was difficult to obtain a pure brightness, it is still more 
difficult to obtain a pure colour. Indeed, as we have seen, no colour 
sensation is ever given except in connection with a certain degree 
of biightness, so that the pieparation of colour tones cannot even be 
looked upon as the goal of scientific experiment, approachable by 
degrees, however incapable of actual attainment. The only course 
open to us is to investigate colour sensations by abstracting as far as 
possible from, the biightness quality fused with them. The abstraction 
can evidently be successful, if at all, only when the colour tones are 
relatively distinct, t ,€ , the colours very satuiated, and when they allow 
of variation independently of the brightness attaching to them But 
as we do not know of any source of light, whose lefracted rays are 
all of equal intensity, a simultaneous fulfilment of these two conditions 
is impossible. In the solar spectrum, eg., the green and yellow light 
is considerably brighter than the red and blue, while the saturation 
of the two/ latter qualities is greater than that of the former. If we 
diminish the intensity of the yellow and green rays, we diminish their 
saturation at the same time. In experimenting^ upon the sensible 
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discrimination of colour tones, observers have, consequently, been 
content as a rule to eliminate one of the two inevitable souices of 
error In the particular case, the dimmution of saturation, and have 
assumed that in little different homogeneous lights the brightness dif- 
ferences are negligible as compared with the alteration in colour tone. 
But no reliable information can be obtained in this way as to the 
number of discriminable colour qualities, for the reason that there is 
absolutely no guarantee that the differences noticed are really differ- 
ences of colour tone, and not merely (or partly) differences bf bright- 
ness. On the other hand, if we seek to eliminate the bnghtness error, 
by keeping all the colour tones investigated at the same brightness 
level, there is the consideration that increase 01 decrease of the 
bnghtness of a colour tends to reduce it to a pure brightness sensa- 
tion, z<?., forces the specific character of its tone into the background 
This method would, therefore, in all probability, give fewer dislmguish- 
able colour tones than there really are The observations recorded 
m the literature do not furnish sufficient matenal for an estimation of 
the relative effect of these two factors, colour purity and colour 
brightness, as they cross one another m the given case. 

2. A second difficulty in the way of an investigation of colour qual- 
ities can be best put m the form of a question May we suppose that 
we have obtamed the complete senes, when we have worked through 
as pure a spectrum as we can produce, and determined all the dis- 
criminable tones within it? It is quite possible that the vanoiis 
transition colours between remote qualities, such as can be got by the 
mixture of the appropnate rays, and the vanous degrees of saturation 
of the same colour, might give us new simple qualities, not represented 
in the spectrum. And the existence of the purples raises this possi- 
bility into certainty. But, apart from purple, there do not seem to be 
any colour tones not in the solar spectrum. All the other intermediate 
or mixed colouis prove to be familiar qualities, differing from the 
spectral only in their degree of saturation. Brown, e g , finds a place 
in the series from red, orange, and yellow to a darldsh grey , and some 
one of these three spectral qualities is cognisable m every vanety of 
It. Rose, again, is a purple of diminished saturation and increased 
brightness. There is nothmg antagonistic to our view of colour sensation 
in the fact here bi ought out, that the saturation and brightness of a 
.colour are neithei identical nor directly proportional to one another. 
A high degree of purity and distinctness may be combmed with a low 
degree of bnghtness, and a less degree of puiity with a greater degree 
of brightness. There seems to be a most favourable bnghtness for every 
colour tone, a particular brightness at which it is purest or most 
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saturated Red, blue and violet are more saturated in the spectrum 
than are green and yellow: and we accordingly ascribed to them a 
greater colouring power, in the formulse of colour nnxtuie (Fig. 7) 
Saturation cannot, obviously, be increased beyond a certain limit ; and 
therefore, under given conditions of illumination, there must inevitably 
be differences of saturation in the different colour tones, even with the 
most favourable brightness. 

3. We were able to define a colourless sensation in two different 
ways: by stating the degree of its colourlessness, and by assigning it 
to its position in the brightness scale. The same applies to colour 
tone. It is capable of modification in two ways, more or less 
independent of each other: as regards saturation (purity, distinctness), 
and as regards position in the scale of colour qualities (measured by 
vibration rate). But while we could conceive of the various bright- 
nesses as arranged along a straight line, beginning with the deepest 
black and ending with the most bnlliant white, we must place the 
senes of colour tones along a line which returns upon itself, , a 
curved line, inasmuch as we have transition tones between the 
terminal red and violet of the visible spectrum, which are not identical 
with any of the qualities contained within it. It is, therefore, customary 
to represent the senes of colour tones as a circle. This has the dis- 
advantage that it ignores the different colouring power of the separate 
qualities, their saturation or weight (if the term is permissible). The 
vanous tones discriminable in this continuous colour senes, — any point 
of which may be taken equally well as end or as beginning, — are all 
upon an equality in respect of simplicity. It is eironeous to say, as 
has sometimes /been done, that certain of them are simple and others 
compound. Language has done much to further the error* we have 
no expression for many of the tones, except a connection of the 
names of 'the two neighbounng colours When we wish to designate, 
e.g.j the quahty intermediate between green and yellow or blue and 
green, or producible by their mixture^ we must speak of yelfowish 
green, bluish green, etc. But there is no such connection in the 
sensation of this quality; and if we find that only ceitain colours— red, 
yellow, green, blue — have special, simple names, that is not because 
they are the only simple colour tones, but because they are the colours 
of familiar and particularly interesting objects. Purple, violet, and 
orange, which the same mistaken view regards as compound colours, 
have nothing even, in their names to mdicate their composition from blue 
and red or red and yellow And within the range of colours which each 
name covers, there are many discriminable tones, all of equal simplicity 
4. After ail this discussion, we may attempt to do^ermine the numbei 
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of distinguishable colour qualities, m terms of the difference limens 
obtained from a colour continuum of the greatest possible saturation, 
by a method which abstracts from the changes of brightness attending 
alteration of colour tone. It has been found, in mvestigations made 
under these conditions, that there are two ‘terminal regions’ in the 
spectrum, which show a difference of brightness only— -not of colour. 
One of these extends from the beginning of the visible spectrum in 
red (under favourable circumstances, o 000762 mm, = 762 to about 
^55 other from about 430 fifi to the end of the violet (311 

Our sensible discrimination for colour tones need, therefore, be tested 
only over the middle portion of the visible spectium; the terminal 
tracts may be disregarded. Examination of this range of colours has 
always given the same result* the course of sensible discrimination is 
not uniform The difference limen is comparatively large in red and 
violet, reaches a minimal value m yellow and blue, and has an inter- 
mediate magnitude in green Thus in red an S has been found = 4*7 
in yellow = 088 in greens i ’88 in blue = 072 and in 
violet = 30^^ No determination has been made of our sensible dis- 
crimination for the purples. Calculating from these data, we may put 
the number of discnmmable colours at about 150. The delicacy of 
sensible discrimination (measured by the magnitude of the average 
error in the method of that name) runs parallel, with few deviations, 
to its magnitude (measured by the difference limens) — Neither of these 
results is absolutely conclusive, however, as we do not at present know 
enough of the undoubtedly very considerable influence of the variation 
of brightness. 

5 The duration of stimulus modifies colour sensation (cf. § 18 7) 
But here, too, it is difficult to be sure as to what is due to saturation 
and what to the bnghtness of the colour At a certain lower limit 
of duration, all homogeneous lights alike seem to produce a bnghtness 
effect only, ^ tf , to affect the eye as would a mixed light, or an exceedingly 
strong or weak homogeneous light With a somewhat greater duiation 
of stimulation, the whole spectrum is seen in two colours, red and 
blue — ^jiist as happens with mcreased intensity of light. On other points, 
the records of different observations are not in entire agreement. 
Some make the cogmsability of a colour, the just noticeable colour 
tone, dependent exclusively on bnghtness, others on brightness and 
saturation. This contradiction is attnbutable partly to differences in 
the colour stimuli selected (solar spectrum, spectra of artificial sources 
of light, coloured glasses), and partly to individual differences between 
observers and methods of experimentation,’^ It is reasonable to suppose 
fhat saturation, which exerts a distinct influence upon the character 
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of the colour tone, when the intensity of the hght is varied, must 
also exert an influence when duration is the variable factor Blue, 
which IS usually much darker than green, is consequently seen eailier 
than green. Violet, which is generally but very little luminous, is, 
on the other hand, cogmsed last of all Yellow has been seen first 
in expenments with coloured glasses But (i) these do not by any 
means give pure tones and (2) the souice of hght emplo3^ed (lamp 
light) was in itself predominantly yellow m colour. Here again, then, 
the two influences of ^rightness and saturation cut across each other, 
in a way which we cannot at present explain. 

We meet with the same result, when we seek to determme, not 
the temporal limen, but the length of time necessary for the distmct 
and adequate peiception of a colour, ie,, for the attainment of the 
maximum of excitation If this time were dependent simply upon the 
brightness of the difierent colours, yellow and green should become 
distinct before red and blue. It has been found, however, that, if 
brightness differences are checked and as far as possible eliminated, 
red is seen clearly before blue, and blue before green. 

6 One of the most surpnsing facts and most important problems 
in psychophysical optics, the ‘phenomenon of Pmkinje’, apparently 
belongs in the present connection. If we alter the intensity of the 
light illuminating the series of spectral colours, we obtain a remarkable 
change in tlieir relative brightnesses. In the normal solar spectrum, 
with a relatively high degree of saturation of the different colour 
tones, yellow and green are seen brightest, blue and violet darkest, 
and orange and red midway between these two groups If the light 
is reduced in strength until the colours disappear, the order of bright- 
nesses is somewhat as follows green, blue, yellow, violet, oiange, red 
The experiment can easily be made with coloured objects, and its 
result is, perhaps, most striking when red or yellow is compared with 
blue or violet. By lamp light or day light there can be no doubt 
but that yellow makes an impression of greater brightness than blue, 
in the twilight, at dusk, there can be just as little doubt that the blue 
object is the brighter. Red is most effectually darkened by the dis- 
appearance of its colour tone* it may readily be confused with black 

The interpretation of tliese facts is exceedingly difficult, as we shall 
see when we come to discuss them in detail (§§ 49, 50). At present 
it is enough to point out (i) that the Purkmje phenomenon illustiates 
certain peculiarities of optical fusion, and (2) that it shows the 
divergence between the relations of saturation and brightness or intensity 
in the various colours, of which we have already spoken. 

7. The magnitude of the coloured surfaces* has, within certain 
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limits, an influence upon sensitivity and sensible discrimination, analo- 
gous to that exerted by the duration or intensity of stimulation. There 
IS, consequently, a ^most favourable magnitude’ for the cogmtion and 
disciimmation of colour tones, just as there are a most favourable 
intensity and duration of the coloured light. But, apart from this, the 
colour sensitivity of the retma is different m different parts of its area 
While the bnghtness sensitivity increases up to a certain limit of 
deviation from direct vision, the colour sensitivity is generally greatest 
and most delicate at the fovea centiahs, and steadily decreases both 
in magnitude and delicacy from centre to penphery. The order of 
disappearance of the various spectral colours, as the angle of inclination 
to the sighting line of direct vision increases, is somewhat as follows : 
violet, green, red, yellow, blue The magmtude and biightness of the 
colouied surfaces employed are here of primary importance. It is, 
therefore, intelligible that the results of different observers should differ 
both as regards the order of disappearance of the colours, and the 
extent of the area over which they are visible. The only point of 
really universal agreement is this, that the nasal portions of the normal 
letma are sensitive to all colours at a greater distance from the centre 
than the temporal, and the upper portions at a greater distance than 
the lower. The teleological value of this arrangement is evident. The 
two monocular fields of vision are partly coincident The outlying 
portions of the two retinae, therefore, mutually supplement each other 
their colour sensitivity need not extend very far. But the inner, nasal 
portions are intended to function for the most part independently, and 
are accordingly so organised as to possess, each in its own right, an 
extended colour sensitivity. Similarly, it is as a general rule far more 
important for us to survey a large section of the lower portion of the 
field of vision, and cognise the colour qualities m it, than to have the 
power of overlooking an equally large section of its upper portion, 

§ 20 After-images and Anomalies of Vision. 

I. After -sensations, regarded as direct after-effects of stimulation, 
are nowhere so strong and so charactenstic as in the domam of sight. 
The after-sensations of pressure, which have but recently been dis- 
covered* (§ 10. 5), would seem to appear only under very special 
conditions, hardly realised by normal stimulation. The effects of 
temperature stimuli may persist for a certain length of time, but always 
(so far as we know) in the quality of the original sensation An after- 
taste and an aftei-smell are also known, but have not been made the 
subject of any systematic investigation As a rule, they are probably 

9 
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simply a more or less tardy remainder of the sensation excited by 
the stimulus Lastly, an auditory after-sensation has been observed, 
which IS precisely analogous to the after-sensation of pressuie* it is 
separated from the primary sensation by a brief interval, and then 
appears as a leproduction of it at a less intensity. But on the whole, 
the after-effects of auditory impressions are very weak and transient; 
and we have, therefore, made no special mention of them 

Visual sensations are exceptional in this respect The visual after- 
image may differ in quality from the oiiginal impiession And it 
presents during its course a number of phenomena which are of 
interest m various connections, and have consequently been often ex- 
amined. Thus the after-image is continuous (follows diiectly upon the 
primary impression, and constitutes a continuation of it) or discrete 
(separated from the impression by a brief interval, blanlc for sensation), 
according as the stimulation has lasted for a long or a short time 
Again, it may be positive, resembling the primary impression in bright- 
ness, or negative, differing from it to a consideiable degree Again, 
the after-image of a colour can be same-coloured, t.e , repeat the 
colour of the stimulus, or other- coloured, t.e , exhibit a different coloui 
These other-coloured aftei-images are usually termed complementayy, 
as they are most commonly of that quality. But the more general 
title is the more correct, since stimulation by mixed light with a 
predominant colour tone may give nse to other-coloured images whose 
quality is not complementary to that of the preponderant stimulus 
Lastly, monocular stimulation can occasion an after-image not only in 
the excited, but also in the unstimulated eye (§ 99). We must 
accordingly distinguish the direct image, of the stimulated eye, from 
the crossed image, of the other. 

2. Discrete after-images are obtainable only from stimuli of very 
brief duiation sec. and less), such as the flash of a not too inten- 
sive electric spark. The pnmaiy image usually disappears with ex- 
traordinary quickness, and the appearance of the after-image occurs 
after an interval of some ^ sec Between sensation and aftei^sensation, 
it is said, there not infrequently intervenes a negative (or complement- 
ary) after-image of exceedingly short duiation * , and the positive is 
sometimes succeeded by a second, weak negative If the duiation of 
stimulation is increased, the positive (or same-coloured) image follows 
directly upon the pnmaiy sensation, to be followed in its turn, with- 
out noticeable interval, by the negative (or other-colouied). ,If the 
duration of stimulation is still further increased, a negative (or othei- 

^ I have found confirmation of this statement in monocular observation, never In 
binocular. Binocular contrast (8 68. 6) is possibly involved in^the phenoraen6n 
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coloured) image appears at once upon its cessation, ie., continuously 
with the original sensation. It appears, therefore, as if the charac- 
teristic* course of the after-image could be studied most fully and 
with best result in its first form, as discrete; whereas the contm- 
uation of stimulation led to the omission of certain of its stages 

It is evident, then, that the phenomena ot the after-image are 
essentially dependent upon the duration of stimulation. But of very 
great importance for its quality and the succession of its phases aie, 
fuither, the quality, intensity, extension, and visual surroundings of 
the stimulus If we stimulate the eye with apparently colourless light, 
the after-image will also be colourless— unless certain colour tones 
were really contained in the seemingly giay or white surface. If the 
mixed light is very intensive, and of not too brief duration, it gives 
rise to a whole senes of coloured after-images, 1 This effect is known 
as the /lig/ii of colours in the after-image. 

3. Stimulation with light of a single colour is usually followed (i) 
by a same-coloured positive, and (2) by a complementary, gen ei ally 
negative after-image. If the illumination of the retina is sufficiently 
intensive, and especially if the field of projection is dark, the comple- 
mentary image may also be positive. The greater the intensity ot 
stimulus, the greater is the duration of the after-sensation and the 
quicker the appearance of its negative (or complementary) phase If 
the stimulation is sufficiently weak, on the other hand, there may be 
no second phase at sail. A light of considerable intensity and little 
duration or extension has the same effect in after-sensation, within 
certain limits, as a light of small intensity and greater duration 01 
extension. The visual surroundings of the stimulus (of which we shall 
treat in detail when we come to speak of the phenomena of con- 
trast: § 68) may enhance or dimmish the vividness of the after- 
image, coloured or colourless The nearer they approach to the 
colour or brightness of the stimulus, the less distinct is the after- 
image; simply because the whole of the light falling upon the retina 
will be effective for after -sensation, and the same laws of phase and 
quality will hold for the aiea which we term ‘the stimulus’ as for all 

1 Tkus, after looking at the sun for at most ^ sec , I have seen (i) a bnght (positive) 
after-image, which (2) took on a red border, (3) then the centre became green, and a 
violet area appeared beyond the red border, (4) then the violet became dark gray and 
the red and green centre pure blue, (5) then the blue changed to white, with a red 
border; (6) then came a rose-violet centre, with dark blue border, while tl;e dark gray 
area beyond took on a gpreenish colour, and finally, (7) the whole image was blue, 
with Ipnght green border, upon a white field This succession of phases occupied 
several minutes, and others would undoubtedly have followed if I had not interrupted 
the observation 
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the rest. The brightness of the negative image of a black object 
will, therefore, be proportional to the brightness of the snn-onndings 
of the object and the darlaiess of the field upon which it itself is . 
projected. Again, the brightness and colour tone of the aftei -sensa- 
tion are largely dependent upon the nature of the primary light, the 
original stimulus, and of the reacting light, the illumination of the field 
in which we see it If we fixate a green object on a white back- 
ground, the after-image on white is reddish, on green whitish, on 
red led The same green object seen on a purple background gives 
in the dark field of vision a deep purple image with a bioad green 
border. Finally, it must be mentioned that the excitability of the 
after-image differs greatly in different individuals The stimulability of 
an eye can, to a certain extent, be measured by its after -sensitivity, 
i,e ^ the quahtative and temporal course of its after-images. 

All these statements refer either to the binocular or the direct after- 
image. Proof has recently been adduced of the existence of a crossed 
image, which in temporal and qualitative regard is a weaker copy of 
the direct. Its total duration is less, the complementary phase appeals 
later and is less saturated, its form is less distinct, sometimes it does 
not attain to the complementary stage at all, etc Special practice is 
required for its observation: the two monocular fields of vision must 
be sharply separated, either by the help of instruments constructed for 
the purpose, or by squinting, or by exclusive concentration of the 
attention upon one field. 

4. Coiiespondmg in vividness and vanety to the phenomena of 
after-images are a number of subjective visual sensations, which cannot 
be referred to the mere aftei -effect of stimulation. We abstract here 
from the centrally excited sensations (which will be discussed m Ch. 
rV), and shall mention only the light dust or light chaos, composed 
apparently of finely sifted specks of light, which is seen in the dark 
field of vision of the rested eye. If the eyes are quickly moved, there 
sometimes appear weak flashes of light, probably due to the mechanical 
shock imparted by movement to the optical apparatus. They occur, 
too, under inadequate stimulation, — piessuie, pull upon the eye-ball, 
section of the optic nerve, electrical excitation In all these cases a 
flash of bnght light has been observed, indefinite in outhne, and 
localised at the place of stimulation. 

A leadmg part among subjective sensations is also played by entoptic 
perceptions, z.<?, the observation of objects within the seemg eye 
itself. Under favourable conditions we can see threads and granules 
moving in the vitreous humour, or an image of the retinal vessels. 

We need not go mto these phenomena m detail, as they have no 
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significance for psychological optics. Then quality is always some 
one of the familiai series of colours or biightnesses, and it has not 
been found possible to turn them to account for a theory of the 
physiological conditions of vision 

5. More important in this connection are the various anomalies of 
vision. We mean by the phrase not disturbances of visual space per- 
ception, but the abrogation of certain visual qualities It is noteworthy 
(i) that a more or less complete colourblindness (total or partial colour 
blindness) is foimd, without impairment of the brightness sensitivity, 
but that there is no such thing as a separate brightness blindness, 
and (2) that in cases of total blindness, of abiogation of sensiti- 
vity for both colour and brightness, the intrinsic retinal light or 
retinal black (§ 18. 7) also disappears. Total coloui blindness is 
rare, and generally imphes a diminution of the sensible discrim- 
ination for brightness- but partial colour blindness is quite common, 
and presents a number of varieties Occasionally the blindness is 
confined to one eye, so that the visual qualities remainmg can be 
checked by those of the normal retina, and the correctness of their 
definition assured; but this is not often 

Three classifications of colour blindness may be mentioned, (i) 
Visual systems have been divided, in terms of the phenomena of 
colour mixture (§ 17), into tnchromaiic^ dichromatic^ and monochromatic 
The normal eye is trichiomatic; the totally colour blind monochromatic; 
and the partially colour blind, all of whose sensations can be produced 
by the mixture of two primary colours, dichromatic. There is further 
a special class of anomalous trichromates, who react to three pnmary 
colours, but to three which differ considerably from those of the normal 
type This classification is based upon one particular theory of the visual 
qualities: the second upon another (2) It is assumed that red, green, 
and violet are not only piimary colours (z ^ , of piimary importance 
m colour mixture), but also primary sensations, conesponding to definite 
elementary nervous processes. There are then tliiee possible forms 
of dichromatism* red blindness, green blmdness, and violet blindness. 
(5) A third theory, finally, looks upon red-green and blue-yellow blind- 
ness as the only possible forms of partial colour blindness 

All dhese classifications, however, are merely schematic. Each 
mbric covers a number of demonstrably dififereiit forms. And even 
as schemata they are inadequate. Thus a case of insensitivity for 
violet, green and yellow has recently been observed, in which all 
vaneties of visual quality could be obtained by the mixture of red 
and blue, and thes^ two were actually complementary. 

6 . We cannot devote more space here to the diagnostic methods 
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or special forms of colour blindness. It will be sufficient to note 
certain important results of its obsei^vation, which lead us 'to the 
subject of the next Section. If it is true, as has lately been asserted, 
that hardly any two instances of colour bhndness are precisely ahke, 
the simplicity of the classifications hitherto xiroposed can be de- 
fended only on the ground that it allows of a general survey of the 
whole field. In other respects it must be regarded as altogether pre- 
judicial to the detailed investigation of the facts. Assuming (as we 
did in § 19) that every discnmmable quality in the closed senes of 
colour tones is equally simple for sensation, we must accept a very 
large number of possible varieties of colour blindness. It must be 
emphasised, in particular, that the disappearance of particular colour 
qualities does not, on this view, necessarily mvolve the abrogation of 
their complementanes And the scale of brightness sensations, an 
otherwise mdependent senes of visual qualities, must also be consi- 
dered as not necessarily affected by disturbances within the colour 
scale This position has recently received confirmation in the course 
of careful investigations of total colour bhndness. The brightness of 
the monochromatic spectrum proved to be precisely the same as that 
of the normal spectrum in Purkinje’s experiment (§ 19. 6). A colour 
blind individual is, therefore, in much the same condition as one 
afflicted with partial deafness. It has been found that the sensitivity 
for tones can be dimmished, while that for noise remains unimpaired. 
The analogy between this case and that of total colour blindness 
cannot, of course, be pressed; but we may reasonably compare in- 
sensitivity for deep tones (bass deafness) with, say, red blindness, 
or insensitivity for high tones (treble deafness), which is especially 
common, with, say, violet blmdness. An abrogation of certain por- 
tions of the middle region of the tone scale is also known, though it 
is far more rare. Just as in psychophysical acoustics these facts have 
been held to support the theory of a cochlear key-board, an anatom- 
ical and physiological instrument reacting selectively upon sound waves 
of different vibration rates, the paiallel facts of colour blmdness have 
been appealed to, m psychophysical optics, to prove the existence of 
nerve fibres specifically sensitive to red, green, and violet, or of a 
red-green and blue-yellow visual substance. 

§ ai Theories of Visual Sensation. 

I. The optic nerve, the second cerebral nerve, connects the peri- 
pheral organs for the reception of light stimuli w^h the central termini 
of visual excitations, situated m the occipital lobes of the cerebral 
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cortex, and especially in the neighbourhood of the calcarine fissure 
Whether centre or periphery is phybiologically responsible for the 
different visual qualities is a question which we cannot at present 
answer with any degree of certainty. Some observers regard the 
peripheral terminal apparatus of the optic nerve in the retina as struc- 
tures sufficiently differentiated in form or excitability to serve as the 
substrate of all the variety of our visual sensations. Others prefer 
to place the anatomical or functional differences of optical excitation, 
required by the facts of consciousness, in the central organ. Some, 
again, have had recourse to both — making the retina discriminate 
colours, and the cortex brightnesses ; while others explicitly decline to 
refer the hypothetical differences in nervous process to particular locali- 
ties within the optical nervous system The diffeiences between psy- 
chophysical theones of vision and of the other senses, and between 
the visual theones themselves, are thus obvious from the very first 
It seemed self-evident that the qualities of sensations of hearing, 
taste and pressure should be brought into relation with peripheral 
organs In the case of sight, not even this preliminary pomt has been 
finally settled . and imder such circumstances the translation of theo- 
retical ideas mto the concrete is plainly impossible It is not surpris- 
ing, then, either that the psychophysical theories of vision should be 
diffeient, or that they should be abstract. Until the facts which we 
have passed m review m the pievious Sections can be explamed in 
definite physiological and anatomical terms, their ‘theory'’ must neces- 
sarily remain a mere conceptual formulation of postulated physiological 
processes, more or less happily adapted to the psychical phenomena 
which it has to cover We can here only sketch in briefest outline 
the most recent attempts made to cope with this difficulty. 

2. In this condition of affairs it is not mcumbent on us to give 
any very elaborate description of the optical apparatus, — more especi- 
ally as we shall discuss certain parts of it m detail when we come 
to treat of visual space perception (§ 58) Of the path of light rays 
through the refractive media of the eye, ^ ^ , we shall say nothmg 
The essential facts are as follows The optic nerve, on entenng the 
eye-ball, radiates m all directions over the mtemal ocular membrane, 
the retma It is insensitive to light at the place of entry, where we 
find none of the peculiar teiminal organs, the rods and cones The 
light ray must penetrate fairly deeply into the retina, before it can 
excite these terminal organs. At the spot of clearest vision, the yellow 
spot, as it is termed, are set cones only , over the remaimng area of 
the retina is spread a mosaic of rods and cones, the latter becoming 
more and more sparse as the periphery is approached. What change 
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IS produced in the substance of these structures by illumination we do 
not know The length of time lequued for the origination of a visual sen- 
sation, and the long duration of the after-effect of stimulation, suggest, 
however, that the piocess of retinal excitation is of a chemical nature 
The significance of the change of form of the cones (they become 
thicker and shorter under illumination) has not been ascertained Light 
has a visible effect upon the visual purple, which is found m the ex- 
ternal members of the rods, and causes a migration of the particles of 
pigment m the pigment layer but though it is not improbable that 
both processes are in some way related to sensation, whether of bnght- 
ness or colour, nothing positive can be said upon the question Nor 
has any tenable hypothesis been proposed of the possible significance 
for the visual qualities of the extraordinarily delicate electrical shmula- 
bility of the ocular apparatus, and m particular of the idio-retmal 
currents Even less can be said of the processes set up in the cortical 
visual area and the lower centres, such as the corpora quadngemma 
So that in the sphere of vision we are unfortunately altogether unable to 
correlate anatomical and physiological facts with psychological data Psy- 
chology, therefore, furnishes at once the only real criterion of validity 
and the exclusive factual support for the three theories which we shall 
now set forth. 

3. (i) Regarded from this standpoint, the first theory*— oiigmally 

propounded by Young, and extended and specialised by Helmholtz — 
is certainly the least probable. It starts out fiom the existence of the 
three primary colours. From the fact that there are three homogeneous 
lights, the mixture of which in the right proportions gives all the co- 
lour tones, at a relatively maximal degree of saturation, and all the 
colourless sensations, it is argued that there are also three elementary 
excitatons, and three primary sensations corresponding to them. The 
three excitations are conceived of as peculiar to three differently func- 
tioning nervous apparatus, whose peripheral termmations are endowed 
with different kinds of photochemically decomposable substances. 
S^ulation of one gives nse to the sensation of red; stimulation of 
another, to that of green; of the third, to that of violet Objectively 
homogeneous light excites all three apparatus, but with different degiees 
of mtensity, according to its wave length Thus the red substance (if 
the phrase may be used Tor the sake of brevity) is intensively excited 
by led light, less intensively by yellow rays, and very weakly by 
violet. Every peripherally excited colour sensation depends, therefore, 
on a mixtme of the three elementary excitations. Lastly, white arises 
in sensation from the simultaneous stimulation of all three substances 
at an equal degree of mtensity, r 
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(a) Tlie most serious objection to the theory is the indubitable inde- 
pendence of the senes of brightness sensations We have only to 
remember the existence of total coloui blindness, the pure brightness 
quality which results from very brief, very intensive or very weak stimu- 
lation with homogeneous hght, and the phenomenon of Purkinje, to 
be fully convinced of this The secondary h3rpothesis of a quahtahve 
variability of the elementary excitations, which has been set up to ex- 
plam, in particular, colour blindness and the decrease of the sensible 
discrimination for colour tones towaids the penphery of the retma, is 
inadequate to meet the objection, apart from the fact that it leads to 
extremely difficult and indeterminate ideas of the actual character of 
the three primary sensations {d) Moreover, the phiase * primary sensation’ 
seems to be altogether madmissible. Considered as sensations, all the 
colour tones intermediate between red, green and violet are as simple 
and elementary as these themselves And the principle of psychophy- 
sical parallelism does not by any means require that all sensations be 
correlated with equally elementary nervous processes (r) Fmally, the 
theory does not take account m a satisfactory way of the incongruity 
between the physical and the psychological (emphasised m § 18), and, 
more especially, of the connection between colour tone and brightness, 
of the complementariness of colours, and of the psychological equi- 
valence of intensive homogeneous and mixed light. 

4. (2) Hering’s theory of vision impioves upon the Young-Helm- 

holtz hypothesis in most of the points to which we have taken ex- 
ception. It, too, starts out from the assumption of three visual sub- 
stances, though it expressly declines to localise them. Each of these 
substances, however, is capable of serving as the substrate of two antago- 
nistic nervous processes, dissimilation and assimilation, correspondmg 
respectively to the loss to the living organism occasioned by the excita- 
tion, and to Its subsequent repair (cf § ii. 5) The six hypothetical 
processes thus obtained are the physiological correlates of six sensations, 
which are, by the veidict of introspection, the only simple visual 
qualities. They are the colour tones red, yellow, green and blue, and 
the colourless sensations black and white. A gray, Hering says, 
bears evident marks of its composition from black and white, and 
orange, violet, etc, show as evidently that they are derived from the 
mixture of two principal colours. The four colour tones are so chosen 
that red and green, blue and yellow are complementanes : a condition 
which shifts the ‘primary red’ in the direction of purple. We have, 
accordingly, blue-yellow, red-green, and black-white substances Red, 
yellow and white are sensations of dissimilation; green, blue and black 
sensations of assin$ilation. Every light stimulus stimulates the black- 
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white substance, while the other two substances are affected only by 
mixed light with a preponderant colour tone or homogeneous light 
of a visible wave length. If assimilation and dissimilation are in 
equilibrium, we have no colour sensation, but only one of brightness 
and if the equilibnum occurs in the special black-white substance, it 
gives rise to a sensation of gray mtermediate between the two extremes. 
Mixed colours and degrees of brightness arise from the preponderance 
of assimilation or dissimilation in various proportions. 

5 There can be no doubt that Heiing’s theory does fuller Justice 
to the facts described m our previous Sections than that of Helm- 
holtz. Its ideas are, it is true, for the most part too abstract to 
furnish a real explanation of the facts, but at least they accord better 
with experience than do those of the foregoing hypothesis (a) The 
most serious objection that can be urged agamst the theory is, again, 
an objection to the relation into which it brmgs the two series of 
colouied and colourless sensations The complete analogy between 
the processes in the black-white substance and the two colour sub- 
stances, assumed by the theory, does not really exist. Complement- 
ary colours pass into each other through a point of indifference, but 
the passage from the deepest black to the most bnlliant white is along 
a continuous senes of colourless sensations. It is impossible to suppose 
that an equilibrium of assimilation and dissimilation can in one case 
give rise to an mtermediate gray, when in other cases it corresponds 
to the point of indifference between complementary colouis, z.e , to 
an abrogation of excitation in the particular colour substance The 
peculiar nature of the brightness scale is unrecognised, therefore, in 
this theory as in the other. We must demand that the idea of anta- 
gonistic nervous processes be given up, either for colour or for bright- 
ness : it cannot possibly hold of both (b) Agam, an introspection 
which distinguishes by direct analysis the red and yellow, e.g.j in 
the transition tones lymg between those quahties, and finds in every 
shade of gray a mixture of pure black and pure white, is certainly 
not characterised by that rimpaitiahty as regards the facts’ (§ 2 3) 
which we have seen to be a necessaiy condition of its. psychological 
application That a sensaton differs more or less from ceitain other 
sensations must not be interpreted to mean that it is a mixture 
of these. The only quahtative analysis of which we are capable, when 
a retinal element is simultaneously stimulated by two or more colours, 
is the discrimination of colour tone and bnghtness. (^), We may 
pass over other difficulties, such as the inadequate explanation of 
certain forms of dichiomatism. It need only be biiefly remarked, in 
conclusion, that it is' extremely improbable that the blue and green 
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rays, which are just as much stimuli as the red and yellow, exert an 
assimilative influence upon nervous substance 

6. (3) Wundt’s theory ot the visual qualities is, perhaps, the most 

abstract, but at the same tune the theory which accords best with 
the facts of observation. According to it the normal retina, when free 
from stimulation, is in a condition of permanent excitation from within 
The correlate of this excitation is the sensation of black Every light 
stimulation sets up two excitations, a chromatic and an achromatic. 
The former is an approximately periodic function of wave length, 
the most extieme visible differences of which produce similar physio- 
logical effects. The effects of certain intermediate differences are of 
opposite characters, so that they can entirely cancel one another. 
The achromatic excitation is dependent upon wave length only as 
regards its relative intensity. The two are, further, affected in different 
ways by the intensity of light. The achromatic begins at a very low 
degree of stimulus intensity, and increases continuously with it; the 
chromatic is greatest at moderate intensities of stimulus, and loses in 
weight, relatively to the achromatic, both with increase and decrease 
of the strength of stimulation. 

If we translate this view into the current phiaseology of 'visual 
substance’, we obtain two substances, one of which reacts to light some- 
what as the pupil does, t,e , responds only to its intensity, and even when 
affected by homogeneous rays seems to be dependent simply upon their 
strength,^ while the other stands m an equally exclusive functional 
lelation to the quality of colouied light, to wave length The 
apparent dependency of chromatic excitation upon stimulus intensity is 
readily explicable from the number of degrees of fusion of colour tone 
and brightness, as is the analogous apparent dependency of achromatic 
excitation upon wave length. We then need only to make the further 
assumption, for the chromatic substance, that the excitations set up by 
any two complementary hghts cancel each other when they originate 
m the same retinal element, and that the different colours attain the 
maximum of saturation or distinctness at different degrees of light intensity . 
With these simple postulates it is possible, on Wundt’s hypothesis, to 
give an unforced explanation of all the phenomena of vision 

7. %In conclusion, we may notice one or two facts which must be 
regarded as important, whichever of the extant theories of vision we 
may accept or reject, (i) The superior sensitivity of the periphery 
of the retina for brightnesses is usually ascribed to the increase in 
the proportion of rods fiom the centre outwards. The rods are consid- 

* According to Sa^is, the pupillar reaction to colours is determined by their a-p^arani 
brightness. 
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ered to be catoptiic stiuctures (2) The colouring of the yellow 
spot seems to exert an especially weakening influence upon the blue 
rays, by absorption, and the fluorescence of the retma to be some- 
what prejudicial to the approximation of the colour tones of the red 
and violet rays at the ends of the spectrum (3) Fechner proposed, 
and Helmholtz and Wundt have adopted a theory of after-images, 
according to which the positive and same-colouied phases correspond 
to the after-effect of the original excitation, while the negative and 
complementary are to be looked upon as phenomena of retinal ex- 
haustion. The theory needs revision, m face of the pause in sensation 
between primary excitation and positive aftci -image, observed with 
stimuli of short duration Heiing legards after- sensation partly £is a 
continuation, partly as a reaction, of assimilation or dissimilation in 
some one of the visual substances. 

H. von Helmholtz, Handbuch der physidogiuhen Opiik, 1867 Second ed , 1896 

H Aubert, Grundzuge der phystologtschen Opttk, 1876 

E Hermg, undzuge etner Theof tc des Lichtsinns und des Farbensinfts. 
Stizber d Wiener Akad d Wzss , Ahth 3, vol 69. 

J vonKnes, in Nagel’s Handbuch d Physiol j III , 1905, 109 ff. 

W Wundt, Die Empfinduttg des Ltchis und der Fisrben. Phtl Studieuy voL 
4, pp 310 ff 1887 

(5), The Quality of the Organic Sensations. 

§ 22. The Muscular, Tendinous and Articular Sensibility. 

I. By 'organic sensations’ we mean the sensations adequately stim- 
ulated by changes in the condition of the bodily organs, — muscles, 
joints, etc Thus the sensation evoked hy the movement of a limb 
or arising from muscular fatigue, and that which follows' from a dimi- 
nution of the amount of moisture in the mucous membrane of the 
pharynx, are organic sensations In every case, the adequate stimulus 
consists of a change in the condition of the particular organ^ and the 
organ itself is the peiipheral seat of origin of the nervous excitation 
which IS thus set up The fact that the stimulus acts within the body, 
— indeed, is a bodily piocess, and that the organic sensation itself is 
not referred, as a rule, to any external cause, has led to the. belief 
that a sharp line of distinction must be drawn between the internally 
excited and externally excited sensation contents. The latter are the 
sensations of the 'five senses’; the former constitute 'common feeling’, — 
although an exception has sometimes been made in favour of the 
'muscle sense’, wjnch has been accounted the sucth of the special 
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senses. But there is nothing in the phenomena to justify this principle 
of classification For (ij) sensation quahties maybe essentially similar, 
however great the differences in their localisation And (2) localisation 
IS not a safe criterion in any case Thus, if it is to serve as diffeventia., 
the subjectified visual sensations must be included in common feeling 
If on the other hand the name is used to denote complexes, fusions of 
sensations, it must be remembered that these cannot be co-ordmaled 
with the simple qualities of the external senses 

Our present investigation of organic sensation will be confined to the 
discussion of the question whether they present new qualities, not con- 
tained in any of our previous lists, and to the explication of their peii- 
pheral origination, where that is possible. 

2, The heading of this Section enumerates the most familiar, and 
perhaps the commonest of the organic sensations The three classes 
are still not infrequently grouped together under the name of the 
muscle sense. But now that we know that not only the muscles, but 
the ligaments, tendons and articular surfaces mediate sensations, which 
would all fall within the group covered by this term, we must evi- 
dently give it up as inadequate It is moie usual at the present time 
to find the sensations classed as movement se?isaHons or kmaesthetic 
sensations, for the double reason that they aie most effectually excited 
by movements, and serve as our principal means of estimatmg move- 
ment. But this very ambiguity of application has proved to be a fruitful 
source of error, and is sufficient to condemn the proposed title. Since 
we are now able, within certain limits, to determine the special parts 
played by the various organs in ‘movement sensation’, it seems best 
to employ the particular rubrics given above— musculai, tendinous and 
articular sensibility We thus escape the danger of a confusion of the 
visual or cutaneous ^movement sensations’ with the organic 
The analysis of organic sensations has not been an easy matter 
The organs are not exposed, isolated excitability can be predicated 
only in rare cases, and the stimuli are not sufficiently well known. 
The two methods of qualitative analysis, which we have previously 
described (§12 2, 3) as the physical and physiological, cannot, there- 
fore, be called upon to assist m their determmation Again, the normal 
indistinctness of the qualities and their very high degree of fusion 
prevent any exact discrimination by introspective analysis Our know- 
ledge of the sensations is, m fact, entirely due to experiment and to 
anatomical, physiological and pathological observation It is only since 
the sixties, to speak roughly, that a special muscular sense has been 
recognised, while the significance of tendmous and articular sensation 
is a discovery of the past few years 
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3. If we move our hand slowly to and fro with fingers outspread, 
while the eyes remain dosed, we have (i) an extiaordinarily 
accurate visual idea of its changes of position, (2) a number of faiily 
distinct cutaneous sensations, due to changes in the tension of the skin, 
and (3) veiy vague and weak sensations from' subcutaneous oigans, — so 
little intensive that, in certain positions, we are conscious only of those 
residing in the wrist-] omt If, again, we hold our hand out as if we 
were hrmly grasping some small object, the internal sensations are 
very vivid; pieponderant in the complex being a certain sensation of 
stiain, which quickly becomes unpleasant. We observe similai sensa- 
tions if we let our arm hang down while a heavy weight is held in the 
hand, only that the strain sensation is now distributed over the whole 
arm. These facts seem to show that the sensations arising from the 
friction of the articular surfaces are brought into special clearness by 
movement, and that they are specifically difterent from the strain sensa- 
tions, which are not necessarily exated to a noticeable degree by the 
simple movement of a limb or organ We can convince ourselves still 
more positively of the existence of articular sensations by moving a 
finger which is strongly pressed down m its socket, t.e , under condi- 
tions of unusual proximity of the aiticular suifaces concerned Strain 
sensations, on the other hand, appear most intensively in conscious- 
ness after exhausting bodily exercise or in muscular cramp When the 
limbs are not moving, the excitations set up in the joints are exceedingly 
weak and, as a rule, no more remarked than the cutaneous excitations 
due to the pressure of our clothes. We may, accordingly, suppose 
that movement is the adequate stimulus for the articular sensibility, and 
the contraction of muscle and tendon indirectly dependent upon it the 
adequate . stimulus for the sensations excited in those oigans As both 
muscles and tendons are involved in every contraction, we may for 
the present employ the general term strain sensation to cover all the 
sensations derived from them, distinguishing this class from that of the 
articular sensations. It is evident that only the articular sensibility 
can furnish exact information of extent of movement, that it alone can 
arouse an accurate visual idea or a direct judgment of change of position 
Indeed, this is a universal rule of sensation. While it is characteristic of 
adequate stimuli that they stand in the most comprehensive functional 
relation to the sensations which they excite, we also have im them, 
conversely, the best cntenon of the existence and quality of particular 
sensations. The adequate stimuli for aiticular sensations are move- 
ments, the positions of a limb from moment to moment; the adequate 
stimuli for strain sensations are the greater or less degrees of contraq-^ 
tioa of muscle and tendon. 
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4. Anatomy and physiology have proved the existence of sensoiy 
nerves m joint, ligament, and tendon as well as m muscle The arti- 
cular surfaces are richly supplied with the Vater-Pacini corpuscles, 
familiar to us from the external skin (§ 10. 6), and the sinews contain 
peculiar termmal apparatus, the sensory terminal plates and the spindles 
of Golgi. The nervous terminations in the muscles are, for the most 
part, free fibiillar processes nuclei are sometimes found. The existence 
of sensory nerves has also been demonstrated in the fasciae and sheaths 
of muscle and tendon We may, perhaps, conjecture from these facts 
that strain sensations are mediated by the peculiar teiminal organs of 
the tendon nerves, while the free nervous terminations or Vater-Pacmi 
corpuscles are excited m the same way as the cutaneous pressure nerves, 
and give rise to qualitatively similar sensations. The articular sensa- 
tions are, undoubtedly, very closely related to those of piessure Of 
muscle sensations proper we know hardly anything Goldscheider 
rendered the skin over a muscle anmsthetc by a subcutaneous cocaine 
mjection, and then produced a slight muscular contraction by electrical 
stimulation. There was no sensation. With mcreased strength of cur- 
rent and stronger contraction, he obtained “ a dull sensation of peculiar 
character”, which was qualitatively entiiely similar to a sensation caused 
by pressure on the muscle, was subcutaneously localised, made an 
impression of 'diffusion’, and did not at all suggest the idea of movement. 
The same observer has shown that our judgment of the heaviness of 
lifted weights, when the cutaneous pressure factor is as far as possible 
eliminated, is founded not upon sensations of muscular innervation, but 
upon impressions proceeding from the strain exerted on the tendons 
It seems certain, therefore, that the stain sensations, in the stiict 
sense, which may play so laige a part m consciousness, are periph- 
erally excited in the tendons and the tendons alone. On the^othei 
hand, the muscle sensations, which were formerly accorded the leading 
r 61 e in the cognition of weight and the estmation of the magnitude 
and direction of movement, do not really appear at all, except as the 
result of mtensive stimulation, great fatigue, or in the form of muscular 
pam; and, consequently, are useful only as mforming us of the functional 
capacity of the organs 

5. This view is confirmed both by psychophysical experiment and 
by pathological expeneuce (i) It has been proved (a) that our sensible 
discrimination for the heaviness of weights is much more delicate when 
they are lifted, than when they exercise a merely passive pressure upon 
the skin, {h) We know, too, from everyday observation, that the 
weight of ‘an object m sensation is proportional to its distance from 
the point of rotation of the moveable limb. This illustration of the 
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law of the lever could not be explained in terms of simple cutaneous 
sensation (^) And, lastly, sensible discrimination and sensitivity for 
weights lemam unimpaired when the sensibility of skin and muscles 
has been very greatly reduced by artificial means, egy by faradisa- 
tion; whereas the same sensitivity is proportionally lessened by dimi- 
nuton of the tendinous sensibility We may conclude fiom these 
observations that strain sensations produced by weighting a moveable 
limb are of mdependent origin, and that the place of their ongmation 
is the tendinous neiwe termination On the other hand, there are 
numerous investigations and experiences which speak for the impoit- 
ance of the articular sensibility, (a) It may be conjectured a priori 
that muscular and tendinous sensations cannot form the ground of 
our judgment of the position and movement of our limbs in the 
absence of visual perception We saw above that movement is not 
to be regarded as the adequate stimulus for strain sensations We 
may now add to this the fact that it is impossible to postulate a 
uniform relation between amount of contraction or degree of exten- 
sion of muscle or tendon and magnitude of movement Not the mere 
change m length of muscle or tendon would appeal to produce a 
sensation, but only the intensity of the strain accompanying contrac- 
tion and extension. It plainly follows that a considerable movement 
may be correlated with an insignificant strain, and a slight movement 
with a severe strain, /.<?, that there is no proportionality between 
extent and direction of a movement and the possible concomitant 
sensory excitations in muscle and tendon. On the other hand, the 
relation between the positions of the aiticular surfaces as regaids each 
other and positions or movements of the limb is just as simple as that 
between the different parts of skin or retina and the points from which 
they are stimulated. (^) If the arm is supported by a rest, its position 
can be judged as correctly as if it were held out freely, m spite of 
the extremely different amounts of muscular activity involved in the 
two cases (c) Experimental diminution of the cutaneous and mus- 
cular sensibility by the interrupted current does not impair the judg- 
ment of position and movement, whereas a similar disturbance of the 
articular sensibility affects them very considerably. We see, there- 
fore, that the articular sensibility furnishes the real basis of our per- 
ception of the position and movement of our limbs, where arr appeal 
to vision is excluded. 

(2) Pathological observation is in complete agreement with these 
results, {a) In cases of complete anaesthesia of the external skin, 
the judgment of the position of the hmbs is perfectly normal, and 
even where the anaesthesia involves the muscles it is not madequate. 
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If, on the othei hand, the whole limb is insensitive, the patient lets 
an object fall which is given hun to hold,— unless he can look at 
it, — and has no idea at all of the position of the diseased limb, {b) 

It has also been noticed that patients suffering from anaesthesia of 
skin and muscles give the most accurate judgment of movement if 
the articular surfaces of the moved limb are pressed closely together, 
and become very uncertam m judgment if the joint is pulled as far as 
possible apart. 

6 The inference to be drawn from this discussion is very simple. 

(1) The quality of aiticular sensations is, in all probability, quite 
similar to the quality of piessuie, mediated by the external skin 

(2) The stram sensations denved from the sensory nerve termina- 
tions in the tendons present a new quahty (3) The muscular sen- 
sations, which become noticeable only when the change of oiganic 
condition which stimulates them is of some magnitude, are also, it 
seems, of a peculiar kind, although we cannot give any definite ac- 
count of their quality. 

The qualitative similarity of aiticular and pressure sensations can 
be illustrated in another way. Besides their importance for space 
perception, the articulai surfaces furnish us with information of the 
resistance which we encounter in touching, giasping, striking, etc 
Oui judgment is based, in particulai, upon the intensity of the sensa- 
tions aroused, which are exceedingly responsive to variation in the 
amount of the resistance offered, the density and solidity of the object 
touched. That it is really a specific function of the articular sensibility 
has been shown by Goldscheider, in a senes of experiments devised I 
for this expiess purpose The phenomenon which he names ‘the 
paradoxical resistance sensation’ is very striking. Suppose that a 
weight, not too light, attached to the hand or finger by a thread, is 
dropped with moderate quickness till it strikes suddenly, but as noise- 
lessly as possible, upon ^ome soft surface There at once anses a 
fairly distinct sensation of resistance, due to the persistence of the 
contraction of the antagonists after the weight has ceased to act, and 
the consequent increase in the counterpressure of the articulai surfaces 
against each other — It is very misleading to term the same sensations 
sensations of resistance or of position and movement, according as 
they mediate an idea of resistance or a spatial perception. We might 
equally well name the cutaneous pressure sensations sensations of 
piessure, place, or movement, as circumstances suggested, and so 
appear to imply the existence of three different qualities That two 
classes of judgments or ideas should origmate in the same sensations 
does not present ^y leal difficulty In the cognition of the magni- 

TO 
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tude of a pressure or resistance, their intensive differences are the 
important thing in space perception we rely not upon this intensive 
gradation, but rather upon their local difference The character of 
the dependency involved cannot be further discussed here. 

It is impossible at present to attempt a detailed theory of the 
muscular, tendinous, and articular sensibilities We will only mention 
in conclusion that all the sensory nerves concerned probably ascend 
to the brain in the posterior columns of the cord, and radiate in the 
cerebral cortex for the most part in the neighbourhood of the posterior 
central convolution It is noteworthy that these columns, whose chief 
functon IS to inform us of the condition of our own body, attain their full 
growth particularly early in the development of the individual organism. 
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§ 23. Analysis of the Common Sensations. 

The 'Static Sense/ 

I. We employ the expression common sensation, in place of the 
usual physiological term 'common feeling’, to designate certain com- 
pound mental states, which are the lesult of the combmation of vanous 
sensory excitations from the peiiphery of the body, and whose elements, 
so far as they can be determined by analysis, are to be legarded as 
sensations. This definition excludes two special elements which play 
an important part m common feeling as oidmanly understood, t,e , 
the pleasant and unpleasant constituents of the complex. It is a fact of 
continual expeiience that these processes (which in our terminology 
must be denominated feelings) are apt to attain a high degree 'of 
intensity when compounded with sensations of the internal oigans. 
Peripheral pain appears almost exclusively in company with sensations 
of this kind, and the most intensive sense pleasure, the sexual, also 
occurs in connection with certam organic sensations, Since the pi esence 
of a strong feeling conceals the quality of its concomitant sensatons, 
the analysis of a class of sensations which hardly ever make theii 
appearance except under this condition will obviously be exceedingly 
difficult. Moi cover, the experimental appliances, which render such 
good service elsewhere in facilitating the isolation of the constituents 
of a complex, by specially directed variation and modification, for 
purposes of observation and judgment, are here almost entirely useless. 
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Our description of the coromon sensations must, therefoie, be incomplete 
and hypothetical. We can do no more than review their most familiar 
forms, and detennme their presumptive elements. With this intention 
we will deal as briefly as possible with hunger and thirst, tickhng, 
itching, tingling, and shivering, exertion and fatigue, the sensations 
attending the cardiac and respiratory activities, and physical well-bemg 
and its reverse. 

2, Hunger and ihirst are the common sensations which more parti- 
cularly subserve the nutritive impulse Theii localisation is comparatively 
definite, hunger is usually refen ed to the interior of the body, and 
thirst to the buccal cavity But the causes of their appearance, 
proximate and remote, are still obscure We may suppose that their 
localisation is correct, i <?., tallies with their penpheral origination, since 
tlmst can be quenched, at least for the time being, by moistening the 
soft palate and the root of the tongue with citiic or acetic acid, and 
hunger has been removed by the direct introduction of food into the 
stomach through a fistula. The condition of thirst would thus appear 
to be a decrease of the amount of moisture in the mucous membrane 
of the mouth. That the acids can generally quench thirst is due to 
their special action upon the secietion of the salivary glands The 
quality of the sensations noticeable in thirst must be regarded as 
cutaneous, and preponderantly as that of pressure (the tongue ‘cleaves 
to the roof of the mouth '), But that some part is played by temperature 
sensations is shown by the well known phenomenon of feverish thirst, 
which may rise to the point of pain. The pioximate cause is again, 
in all probability, a drying of the mucous membrane, which thus loses 
in its power to conduct heat. The conditions of hunger are more 
difficult to determme. It might be thought that continued inactivity 
of the muscular system of stomach and intestine would result in a state 
of stimulation giving rise to this complex of sensations More probable 
is the assumption that the formation of acid, which takes place on an 
increased scale immediately after the completion of digestion, acts as 
a stimulus upon the mucous membrane of the stomach, and so 
provokes hunger On this theory the quality of the sensations involved 
would again be cutaneous 

3. The second group of common sensations are also, undoubtedly, 
complexes of cutaneous sensations. Ttchhng is produced by weak 
and intermittent stimulation of the sldn, or sometimes even by a meie 
light touch upon some part of it The unpleasant factor in these 
sensations shows itself in reflex or voluntary movements of defence, 
rubbing of the stimulated aiea, etc The 'expressive movement of 
laughter, which often accompanies tickling and stands in apparent 
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contradiction to the movements of repulsion, is probably not the effect 
of the common sensation but of feelmgs ansmg from the comicality 
of the situation. Itching appears (to the author and others) to be a 
complex of the same sensations as tickling, except that it generally 
arises fiom some internal cutaneous change, without the operation of an 
external stimulus We may accordingly suppose that the causes of these 
two common sensations aie the same And it seems reasonable to imagme 
that alterations of circulation are the proximate conditions of ticklmg 
and Itching alike It has been found that gentle pressuie or blowing upon 
a poition of the skin is followed by a consideiable increase of arterial 
blood pressure, while intensive and even painful stimulation is often 
unable to influence it in any way ^ We may, therefore, believe that 
certain processes (not at present definable) m the vessels which supply 
the skin serve as the substrate of the cutaneous impressions of weak 
pressure, and especially of more or less vivid warmth, which occur m 
quick alternation in tickling and itching. The qualitative constituents 
of tingling^ pricking, pins and needles,— complexes which are sensed 
in their full character dunng weak faradisation of the skin or the 
‘waking up’ of a limb which has ‘gone to sleep’,— are altogether 
similar, except that the special intermittent sensations are stronger than 
they are in tickling Here, again, we may refer the common sensation 
to excitations of the sensory cutaneous nerves, due to change in the 
metabolism of the tissue. Shimnng and goose-flesh seem to originate 
in diffuse excitations of the nerves of tempeiature, as certainly as fever- 
ishness and parchedness. They may all be ascribed, once more, to 
vasomotor changes. 

4. Exertion and fatigue are qualitatively most nearly related to strain 
sensations and muscular sensations. Both are among the most familiar 
of common sensations to those who are intensively engaged upon 
physical or mental work. The pecuhar sensations of this kmd, often 
passing the limit of pam, which are aroused by persistent mental ac- 
tivity, are the result (i) of the continuance of a definite bodily position 
during a long period of time, (2) of the unvarying accommodation and 
fixation of the eye, and (3) of involuntarily arising strain of the super- 
ficial muscles of the head. According to the general law that a 
nervous excitation of a given intensity can be produced either by an 
intensive stimulus of short duration or by a weak stimulilS of long 
duration, we may assume that the continued action of the weak stimuli 
involved in such cases will in the long run lead to these common 

1 I have also noticed that when the blood is confined withm the finger by a liga- 
ture round the lowest joint, the sensitivity of the isolated phalanges for ticklmg 
entirely destroyed ^ 
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sensations just as infallibly as a brief experience, say of the carrying 
of a heavy load The common sensations which accompany alterations 
of the activity of the heart and of respiration are of a similar nature. 
Like most impressions of the same class, they become noticeable as a 
general rule only when the stimuh are intense and the disturbances 
they cause unpleasant, or when a change of some magnitude takes 
place in the oigans which mediate them We are for the most part 
conscious only of the cutaneous' sensations excited by the movements 
of heart or lungs, or of secondary phenomena connected with the 
greater or less degree of uniformity with which these jDrgans supply 
the tissues At the same time, the ongmal sensations of strain and 
exhaustion in heart and lungs sometimes make themselves known in 
an unusually strong heart-beat and respiration. Lastly, the states 
which lead us to say that we are ‘all right’ or the contraiy furnish a 
particularly good illustration of the oidinary vagueness of the common 
sensations- If we abstract from the feelings of pleasantness and un- 
pleasantness, which are certainly of primary importance for both con- 
ditions, it IS hardly possible to point with assurance to any gioup of 
definite sensations, to which the feelings are attached 

5. So far, then, we have found no new qualities among the common 
sensations But this does not affect the diversity of their total im- 
pression spatial and temporal relations, the intensity of the different 
qualities, and their connection with feelings are sufficient to endow them 
with great variety We now pass to the consideration of another 
common sensation, giddiness^ which has lately come to be regarded 
as the function of a particular sense organ, that of the static sense. 
This organ consists of the nervous apparatus of the vestibule and 
semicircular canals of the labyrinth; and the nerve which conducts 
its excitations to the centre is the vestibular, one of the two main 
branches of the eighth cerebral nerve (cf § 16 i). The vestibule is 
divided into two sacs, the one of which, the utriculus, communicates vnth 
the canals, while the other, the sacculus, is connected with the cochlea 
by the cochlear canal. In both divisions are certain small elevations, 
the maculae acusticae, into which the nervous terminations penetrate, 
and from which they issue in the form of bristle-cells or hair-cells. 
A very delicate membrane rests upon these hairs and supports the 
otoliths,"^ minute white crystals of carbonate of lime. The nervous 
stimulation is, in all probability, set up by a mechanical concussion 
of the points of the bnstles m the endolymph. The fibres of the 
vestibulai nerve which enter the canals terminate m a very similar 
way The canals themselves are three bent tubes, filled with endolymph, 
and placed at right f^angles to one another in the three planes of space. 
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Each of them as it leaves the vestibule swells out to foim an ampulla, 
which contains the nerve endings These again take the shape of fine 
bristles or hairs, projecting fanwise horn andge, the crista aciistica, and 
covered with a delicate membrane. The excitation will, therefore, be 
a similar mechanical concussion of the liquid of the labyrinth, such as 
would be produced, e.gj by a movement of the head 

6. It was formerly thought that the excitations of these organs had 
to do with heanng, and, in particular, with the perception of noise. 
Recently, an attempt has been made to use them for the explanation 
of our cognition of the direction from which a sound comes to us, t.e.y 
to give them a functional significance as organs for the localisation 
of auditoiy stimuli But despite its apparent support by the spatial 
anangement of the three canals, the hypothesis is exceedingly im- 
probable, for the reason that there is absolutely no proof of a uni- 
formity of lelation between the spatial positions of the sound-producing 
body and the various points of excitation of the vestibular nerve. On 
the other hand, an alternative theory, which makes canals and vestibule 
the organ of a static sense, is steadily gaining ground. It embraces, 
however, two distinct views which are liable to be confused. The 
first IS, that the vestibular nerve endings constitute an organ for the 
maintenance of the bodily equilibrium; the second, that they mediate 
sensations, or more correctly ideas, of rectilmeal movement and rota- 
tion of the body, and especially of the head. The two hypotheses 
are not mutually exclusive, but they do not either necessanly imply 
one another. The condition of bodily equilibrium can be conceived 
of as regulated entirely by reflexes, without any participation of 
consciousness And just as we should not think of makmg the constant 
arousal and government of the respiratory and cardiac activities dependent 
upon sensations, so we need not suppose that the sensory excitations 
proceeding from vestibule and canals effect the delicate and accurate 
adjustments of the muscles of body or head, which maintain equilibiium 
in the most different movements and positions, simply and solely by 
way of sensation intermediaries We must, therefore, separate the 
question of a reflex mechanism for equilibrium from that of special 
conscious processes due to the same bodily organ. We shall find 
that the existence of the former is well attested, while that of specific 
sensations is still sub jitdice 

7. The result of (i) anatomical investigations has been to show that 
the principal connection of the vestibulai nerve is with the cerebellum, 
although it also has a centre in the medulla oblongata. No path to 
the cerebral cortex has as yet been made out j[2) A large number of 
physiological observations on animals have put it beyond question that 
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the canals constitute an impoitant oigan foi the maintenance of equi- 
librium, exciting and sustaining a permanent muscular tonus, t a 
certain active tension of the muscular system The more delicate and 
varied the functions of a particular muscle, the more completely subject 
it seems to be to this oigan (3) These facts obtain valuable support 
from pathology, from obseivations made on deaf-mutes. In a certain 
percentage of cases, the penplieial organ of the vestibular nerve is 
found to be destroyed as well as that of the cochlear A similar 
proportion of patients undergo characteristic disturbances of equilibimm 
when blindfolded Many of them, also, show no trace of the 'com- 
pensatory’ eye movements, which appear under normal conditions after 
rotation of the body, and which point to a leflex connection between 
the nerves supplying the muscles of the eyeball and sensory excitation of 
the vestibular terminations (4) Lastly, Mach’s psychophysical experiments 
on the objective and subjective phcnumena pioduced by passive rotation 
and rectilineal forward movement of the body, lender it probable that our 
judgment of the position and movement of the body is derived only 
in part from the indications afforded, ^ ^ , by the articular and cutaneous 
sensibilities and visual perception, and that theie must be a special organ 
m the head affected by change of position and acceleration of move- 
ment. All these results, as we can see, furnish evidence for the exis- 
tence of a reflex mechanism, the sensory portion of which is placed 
in canals or vestibule. The character of its peripheral excitation has 
been variously conceived. Some observers refer it to a concomitant 
movement of the endolymph, others to simple change of pressuie in 
the endol3Tnph, and others again to active ciliary movements of the 
hair-cells, which must meet with a different resistance fiom the water 
of the canals in accordance with the position and movements of the 
head. However this may be, the situation of these structures is such 
that an alteration of the position of the head can at once efiect a 
change in the excitation of the entue organ. 

8. But the question of the mediation of peculiar sensations by 
vestibule and canals does not admit of any such definite answer. 
Animal vivisection, of course, leaves it entirely open, — all the more as 
the particular motor disturbances which follow removal or bloclang of 
the canals or electrical and mechanical stimulation of the ampullary nerves 
appear 'with the same (or even greater) regularity after extiipation of 
the cerebrum as when the cortex is left mtact Moreover, an impartial 
introspection of our non-visual ideas of bodily position and movement 
does not give any new sensation qualities besides the cutaneous, tendi- 
nous and articular. The only psychical process which appears to 
represent the activity of the organ in consciousness is that of giddiness^ 
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which may also make its appearance, as we know, after rotation, m 
the form of ^rotatory vertigo ’ But this process has such a variety of 
causes — it can arise, eg,, without any movement of head or* body — 
that it is dangerous to make it exclusively dependent upon an affection 
of the canals. It is difficult to say what the common element in 
sensations of giddmess is, when we have abstracted from the objective 
disturbance of the co-oidination of movements and its various con- 
comitant phenomena. If we descnbe it as ‘an illusory perception of 
the spatial relations of our surroundings,’ the specific character of the 
common sensation is left entirely unmentioned. The nature of the 
excitation in vestibule and ampullse suggests that the sensations produced 
there may be regarded as pressure sensations, but, under ordinary 
circumstances, we do not appear to localise qualities of this kmd in 
the neighbourhood of the organ The argument that deaf-mutes are 
often found to be incapable of sensations of giddiness is weakened by 
the consideration that individual differences in inclination or disposition 
to attacks of vertigo are normally very great. We must, therefore, 
suspend our judgment with regard both to the ongmation of the common 
sensation and the possible qualities mediated by the ‘static sense.’ 
We shall return to the subject in brief when we are dealmg with the 
idea of space (§ 62. 6). 

Literature . 

C. Richet, Rtcherches exp^rtmentales ef climques sur la senstbthi^, 1877. 

E. Kroner, Das korpcrhdu Gefuhl, 1887 

E.^Mach, Gytindltmen de? Lehre von den Bewegimgsempfaidungen^ 1875. 

J R Ewald, Physiologische UnUrsucktmgen uber das Endorgan des nervut 
octavus, 1892 

W. Nagel, m Handbuch d Physiol , III., 1905, 735 ff 



Chapter flL The Intensity” of Sensation, 


§ 24. The Intensive Sensibility. 

1. The problems to be solved by the psychology of sensation in 
connection with its second general property, that of mtensity, are 
simpler than those presented in the sphere of quality We have not 
now, as in the previous Chapter, to devote most of our attention to 
the discnmmation of a large numbei of conscious contents, each and 
all demanding special desciiption and theory Intensity is a more 
abstract sensation attiibute, and can, theiefore, be much more easily 
dealt with from general points of view, valid for all qualities alike. 
The differences of numerical lesult which are natuially found again 
in mtensive sensitivity and sensible disci imination do not affect this 
statement. For in our consideiation of the intensive sensible discrim- 
ination we shall come at once upon a general unifoimity, which 
will be of great service in facilitating our survey of the facts. And 
the differences which we shall discover in intensive sensibility, where 
they are not due to the incomparability of determinations m vaiious 
sense departments, find their explanation m certain peculianties of the 
external sensoiy apparatus and not in the nature of particular quali- 
ties. We shall, therefore, be able, after a brief discussion of the 
general problems and methods of this part of our subject, to give a 
simple tabulation of the most important results obtained for all the 
classes of sensation discussed in the foregoing Chapter. 

2. The mtensity of a sensation is an attribute of finite extent and 
one-dimensional chaiacter, defined by its upper and lower limitmg 
values.* The lower limitmg value is that of the weakest or minimal 
sensation; the upper, that of the strongest or maximal. We can, 
again, give a numencal expression of these values only by translating 
them into terms of the stimuli which correspond to them. The just 
noticeable stimulus is, therefee, the equivalent of a sensation ju^ 
discriminable , &om% no-sensation ; and the terminal stimulus the equi- 
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valent of the stioiigest sensation, i,e,^ of one which is not susceptible 
of further intensification. As there aie just noticeable sensation stimuli 
or stimulus limens m other connections than the intensive, we shall 
speak in this Chapter of the intensive stimulus hmen. The expression 
‘teiminal stimulus’, on the other hand, has been restricted to denote 
the uppei limit of sensation intensity. It is certainly possible to em- 
ploy it, too, m reference to the other sensation attributes. Thus we 
might use the expression ‘qualitative termmal stimulus’, when we are 
giving the number of vibrations required for a perception of tonal 
quality incapable of further mcrease of distinctness (cf. § 15. 4). And 
we might conceive of an ‘extensive terminal stimulus,’ as marking the 
limit of comprehensibihty of a spatial complex in the field of vision 
or of regard. But we need not attach any weight to these possibili- 
ties, since the terminal stimulus, in whatever reference it is meant, 
cannot be of very great impoitance. In the present connection of inten- 
sity, in particular, we must remam content with the name, and the 
belief that it corresponds to a fact* we are precluded from imder- 
taking any special or detailed investigation by regard for the integrity 
of the organ experimented on. The oidinary measure of sensibility, 
m all the sense departments, is consequently afforded by the stimulus 
limem The only other determination which yields useful results is 
that of relative sensibihty by the method of stimulus comparison, — The 
sensible discrimination for intensities is also subjected to measurement. 
The methods employed are those of difference determination and 
difference comparison (cf § 6) In every case, the aspect of sti- 
mulus correlated with change of mtensity in sensation is of gieat im- 
portance. We have no right at all to assume an exclusive functional 
relation between strength of stmiulus and intensity of sensation. Sen- 
sation intensity is also dependent upon the temporal and spatial 
character of the stimulus. At the same tune, the strength of stimulus 
bears a similar relation to intensity of sensation, as is borne by the 
adequacy of stimulus to its quality. It accordingly furnishes us 
with the only means of a complete determination of sensitivity and 
sensible discrimination for intensity over their whole extent. 

3 (i) Intensive sensibility in the sphere of cutaneous sensations — 

(a) The adequate stimulus for pressure sensation is the presence upon 
the skin of some ponderable body The intensity of the sensation is 
dependent upon the weight of this body. The intensive sensibility is 
tested by the aid of thermally indifferent objects, e,g., small cork 
pellets. It has been found in this way by the method of stimulus 
determination that 6 varies within wide limits according to the part 
of the skin wliich is stimulated. Thus it is 2 tog. upon forehead. 
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nose, and cheeks^ 5 mg on lips, upper arm, and nape of the neck, lomg. on 
the fingers, and i g. on the nails. Moreover, the Irmen on the extrem- 
ities IS somewhat lower over the whole left side of the body than over 
the right The differences m these values are certainly more than the 
expiession of a varying sensibility in the cutaneous nerve endings they 
point to the mfluence of the very considerable differences m the thick- 
ness and resistance of the epideimis. We do not know how far they 
are referable to the special forms of nervous terminations in the skin 
(§ 10. 6) Another noteworthy fact is, that cold weights seem heavier 
than warm weights of the same magnitude. Its explanation must be 
looked for m the mechanical effects of thermal stimuli upon the skin. 
We know nothing defimte about these* but it is not improbable that 
they are connected with the dimuiution of sensibility which is observed 
to accompany hypersemia, and the increase which attends anaemia of 
la cutaneous area, (b) An examination of the mtensive sensibility of 
temperature sensations presents peculiar difficulties, owing to the vana- 
bility of the physiological zero-point and the uncertainty attaching to 
its determmation We cannot at present make any positive statement 
of the magmtude of the just noticeable stimulus of heat and cold. 
Some measure of mformation is afforded, however, by the results of 
stimulus compaiison in this department It has been ascertained that 
the sensitivity for cold is on the whole greater than that for heat; 
that the increase or decrease of the two sensitivities at different parts 
of the body follows parallel lines; that sensitivity in general is more 
weakly developed in the median line of the body than over its lateral 
surfaces; and that as a rule it increases from the periphery towards 
the trunlc. The explanation of these phenomena is afforded partly by 
the more frequent occurrence of cold spots, partly by the different 
conductivity of the epidermis, partly by variation m nervous and vascular 
supply, etc. Lastly, it is interesting to remark that temperature stimuli 
appear more intensive, the larger the cutaneous area which they affect, 
A bowl of warm water seems warmer to the whole hand than when only 
a single finger is dipped into it. Whether this fact is to be considered 
a summation effect, or is merely dependent upon the diffeient sensi- 
tivity of the different parts of the skin, cannot at present be decided 
4. (2) Intensive sensibility in the sphere of sensations of taste and 

smelL — We have already seen (§§ 12, 13) that the adequate stimulus 
for these sensory qualities cannot yet be defined in terms of physics 
or chemistry. The customary statements of the relative quantities of 
gustatory or olfactoiy substances which constitute the stimulus limen 
are, therefore, of but doubtful value. For we are not justified in con- 
cluding from them'that the sensitivity for the particular taste or smell 
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stimxili is different. Thus the assertion that a strychnine solution in the 
proportions of i 2,000,000 is just noticeably bitter, or a saccharine 
solution of I : 200,000 just noticeably sweet, does not necessarily 
imply that the sensitivity for bitter is greater thamthat for sweet We 
have no measure of bitter or sweet, so that the results possess simply 
an empirical value for particular known substances. Precisely the same 
holds of the sense of smell. It is tiue that the acuteness of taste and 
smell in different individuals can be compared in this way, and that 
such companson will always be useful in clinical investigation. But 
it is more important for the psychologist to know that different parts 
of the tongue possess a different sensibility. Unfortunately, there are 
no exact quantitative detemimations of this fact (for which cf. § 12. 5) 
extant. The intensity of gustatory sensation is further dependent, like 
that of tempeiature, upon the magnitude of the area excited. It can 
be increased by movement and pressure of the gustable substance 
within the buccal cavity. The intensity of olfactory sensation is depen- 
dent upon the rapidity of respiration of the current of air charged 
with the olfactory substance. Sensitivity seems also to be increased by 
a quick succession of inspiratory movements (* sniffing’) 

5. (3) Intensive sensibility m the sphere of auditory sensations — The 
intensity of a sound stimulus is represented by the amplitude of the 
vibrations or concussions occurring in the ordinary medium (atmospheric 
air) or in some moveable solid body, etc. This amplitude is merely 
the expression of the kinetic energy of the movement of the vibrating 
masses We have no adequate objective method of ascertaining the 
intensity of the non-penodic and aperiodic concussions which form 
the substiate of simple or complex noises, independently of the state- 
ments of the observer whose sensibility we are testing. The pho- 
nometric determination of sound intensity m psychophysical experiments 
is, therefore, usually carried out upon a principle similar to that 
employed in photometry the objective stimulus values in the apparatus 
employed, ^ — say, elastic balls falling from a measurable height upon 
a resisting plate, — are determined by way of a subjective compa- 
rison, The results are, then, purely empincal, valid only for the 
matenal used, the special circumstances of the observation, etc. Thus 
it has been found that a cork pellet of i mg. weight falling from a 
height of I mm upon a glass plate at a distance of 91 mm. from 
the ear is just audible under favourable external conditions. A similar 
attempt at an absolute determination for tones with a pipe of 181 
vibrations gave the amplitude of vibration of an air particle at the 
hmiting distance* of audibility as 0*00004 mm., and the mechanical work 
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performed on the tympanic membrane as kgm This illustrates 

the extraordinary acuteness of hearing On the whole, the sensitivity 
for tones appears somewhat greater than that for simple noises This 
IS explicable on the assumption that a noise excites a large numbei 
of auditory fibres weakly, and a tone a small number relatively strongly 
(g 16 4, 5) Interesting is anothei fact of frequent observation, — that 
the sensitivity foi high tones is, in geneial, greater than that for deep 
tones We are reminded, in this connection, that the tympanic membrane 
m its relaxed condition has a tone of its own, of some 700 vibrations, 
which necessarily becomes higher as the tension is increased, that the 
other sound-conducting poitions of the middle ear possess high tones; 
and that the resonance tone of the tympanic cavity itself belongs to 
the upper region of the scale (§ 15. 5). We cannot here discuss 
pathological disturbances of the mtensive sensibility, which are especially 
common in audition. 

6. No adequate test has been made of intensive sensibility in the 
sphere of organic sensations. The difficulties which it presents are, 
for the most part, due to the normal impossibility of varying the sen- 
sations in isolation Even the aiticular sensibility admits of mtensive 
gradation (§22 6) only to a very limited extent 

A fuither inteiestmg question which falls under the rubric of intensive 
sensibility is that of the waxing and waning, or the rise and fall of 
sensations. The qualities of the different senses show peculiar dif- 
ferences in this regard A sensation of temperature, taste, or smell, 
attains only gradually to an intensity corresponding to the intensity 
of the given stimulus, whereas a sensation of pressure or hearing seems 
to reach its maximum at once The same thing holds for the disappear- 
ance of sensation- The difference must be refen ed not to the special 
nature of the nervous process, but to difeence in the mode of stimulus 
transmission. The epidermis is a poor conductor of heat, so that a 
temperature stimulus must act for a certain length of time before it 
can produce its effect upon the terminal nervous apparatus, while the 
excitation cannot either disappear at the movement of the removal 
of the stimulus. And the purely mechamcal transmission of pressure 
to the skin or of sound thiough the auditory organ renders possible 
an apparently instantaneous origination and e vanishment of the cor- 
responding sensations On the other hand, the transmission of a 
taste or smell stimulus to the organ which it is adequate to excite 
must be conceived of as retarded by circumstances of which we are 
still ignorant. 

We saw above ^that a quantitative deteimmation of the terminal 
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stimiilm was impossible. We should not, perhaps, go very far wrong 
if we made the appearance of pain the criterion of maximal sensation 
mtensity. At least, the quality of a sensation geneially become's more 
or less seiiously blurred at this point. 

§. 25. The Intensive Sensible Discrimination. 

1. The principal problem which we attempted to solve by the aid 
of sensible discrimination in the sphere of sensation quality was that 
of the number of distinguishable qualities within a given sense depail- 
ment The nature of the functional relation which we might there 
find obtaining between qualitative change in sensation and its equi- 
valent change in stimulus was m itself indiffeient to our inquiry. 
And we found, as a matter of fact, that the relation took on very different 
forms: for tone sensations, theie was a constancy of the absolute 
sensible discrimination within certain limits, beyond which it decreased, 
but not in such a way that we could formulate a definite law, valid 
for any considerable portion of the sensation scale; for visual sensa- 
tions of brightness, a constancy of the relative sensible discrimination 
within certain limits, beyond which it decreased ; and for visual sensa- 
tions of colour, a variation of the absolute sensible discrimination 
between high and low limits, with an irregular distribution of its values 
It seemed inadvisable to draw theoretical conclusions from these differences 
of result, until we had arrived at some positive idea of the nervous 
processes corresponding to the changes in sensation. On our original 
definition of quahty, a discriminabihty of qualities was equivalent to 
the discovery of separate sensations, and for each particular quality 
we required a particular structuie or function in the sensory oigans. 
The laws of qualitative sensible discrimination, therefore, were valuable 
for a theory of sensation in general: they pointed out the way, so to 
speak, which we should follow m ordei to attam to a general theory 
But there was, plainly, no special problem involved in the functional 
relation between sensation change and stimulus change. We had 
simply to suppose that every noticeable stimulus change must be 
paralleled by a difference in the nervous process underlying sensation, 
a difference obtained, perhaps, by the aid of specific, peripheral terminal 
structures in the service of perception. In the different theories of 
visual sensation, e g,^ we can trace the effort made to take adequate 
account of the acknowledged differences of the simple qualities That 
done, the relations between stimulus and sensation, which experiment 
has established, are at once explained, or, at least, described, 

2. The case is different with the intensive senfuble discrimination. 
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For when we attempt to mark off the separate degrees of intensity of 
a sensation, we are always occupied with the same quality, and the 
functional relation which we find to hold as between sensation intensity 
and stimulus intensity is then a special problem requnmg special 
explanation. We might, here again, seek to determine how many 
distinguishable intensities exist between stimulus limen and terminal 
stimulus But to use the uniformity of sensible discrimination for the 
purposes of such a calculation would render us no material assistance 
(i) The number is of no interest, because we are unable to give any 
absolute description or definition of the particular degrees of intensity; 
at least over so wide a range of vanation. (2) The discreteness of 
these degrees might suggest or even demand the misleading hypothesis 
that the continuous alterations of stimulus intensity are paralleled by 
a discontinuous series of intensities of sensation. This view obviously 
implies a definite interpretation of the facts, which has no place at 
the outset of an inquiry When we were dealing with analogous 
phenomena in our discussion of the qualities of vision and audition, 
we took especial care not to adopt a hypothesis of the kind, whether 
as the only possible, or as the correct expression of our results. We 
spoke simply of the number of distinguishable qualities, and made no 
attempt to decide whether this number should be regarded at the 
same time as that of the sensible qualities^ (cf. § 15. 3, 4, § 18 
5; § 19 4). This very question forms the central point of a most diiSicuit 
controversy, which we shall have to mention later (§ 26) (3) The 

calculation of the number of distingmshable degrees of intensity of a 
sensation does not lead to any theoretical conclusions worthy of notice. 
If we find that 300 degrees of intensity can, under favorable conditions, 
be distinguished, within a definite sensation quality, from stimulus 
limen to terminal stimulus, we can easily explain the fact by supposing 
that the different degrees of intensity of the equivalent nervous exci- 
tation can reach as high a number. So that, m the case of intensive 
sensible discrimination, it is the course of discrimination, ?*.<?, its 
uniform relation to stmulus, which is the real object of investigation 
And when we find authors speaking in absolute terms of the relation 
between stimulus and sensation, where they are really referring only 
to the intensive sensible discrimination, we can explain the phiaseology 
by the particular interest attaching to this relation in this special 
" department of inquiry. — The question, then, which we have to answer 
here, is: what is the increase of sensation reported by sensible discri- 
mination when we increase the objective intensity of the stimulus? 


* In all piol^^biUty, qualitative sensation changes are continuous. 
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We will first glance briefly at the facts, and then proceed in the next 
Section to then theoretical discussion. 

3. (i) Intensive sensible discrimination in the sphere of cutaneom 

sensations — {d) Experiments can be made upon pressure sensations in 
two ways. Weights may be either simply placed upon the portion of 
the skin to be examined, as in investigations of sensibility (cf. the 
exposition of the methods m §§ 7, 8), or their application may be 
regulated by a special appaiatus (most semceably constructed on the 
principle of the balance). It is best that the weights to be compared 
should be laid successively on the same cutaneous area at suitable, 
regular intervals The simultaneous affection of different parts of the 
skin complicates the method by the necessity of compensation of 
differences in sensibility, and seems, also, to increase the difficulty of 
companson,*— piobably by way of dividmg the attention Sensible 
discrimination has accoidmgly always proved to be somewhat less in 
this case than when the same cutaneous area has been stimulated 
successively. It is best, again, to make the area of application of the 
stimulus weight as small as possible With a greater extent of stimu- 
lus the sensible discrimination is hable to vaiiation, due both to changes 
m sensibility, which differs very consideiably even as between closely 
neighbounng parts of the skin, and to the uneven, moie or less rounded 
character of the cutaneous surface. A test of intensive sensible dis- 
crimination at the pressure spots, which possess a maximal sensibility, 
would be extremely valuable; but no systematic investigation of them 
has yet been carried out. The experiments made hitherto refer either 
to the course of sensible dLScrimination with increasing stimulus, or to 
its dependency upon the place of stimulation. In the former connection, 
the relative sensible discnmination has been proved to be constant 
within the limits set by weights of 50 and 2000 g With an area of 

contact of i mm. diameter, the difference limen— on the index finger of 

the right hand was to With an area of contact of 7 mm. diameter, 

S 

sensible discrimination fell to "7- = iV tV* weights smaller 

than 50 g., the relative sensible discrimination was less («>., the quotient 

S S 

— greater), and for weights larger than 2000 g, greater (/.<?., — 

smaller). The dependency of sensible discnmination on the place of 
stimulation has not been examined by an unexceptionable method. 
The same initial pxessure has been used for both of the compared 
areas, and no attention paid to its different value for sensation. (< 5 ) 
Sensible discnmination in the sphere of Umpeiap^re sensations can be 
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tested either by plunging the cutaneous area to be examined into a 
liquid, whose temperature is determmable with an accuracy of less 
than Cels., or by bringing it into contact with bodies which are 
good conductors of heat The procedure of successive stimulation of the 
same surface has, again, given better results than that of simultaneous 
excitation of different areas. The sensible discrimination for degrees 
of temperatuie has always been found to be greatest with normal stimuli 
of 27® to 33 0 C. (where Beyond these limits, it decreases, 

at first slowly (to 14® below and 39® above), then more quickly 
There can plainly be no question, therefore, ^of a constancy of the sen- 
sible discrimination, whether absolute or relative. We can only say that 
it is greatest m the neighbourhood of the physiological zeropomt; and 
as this lies, as a rule, a httle above 33 ® (§ 1 1. 2), that it is better in its judg- 
ment of divergences from the zeropomtmthedirectionof cold, than of those 
m the opposite direction, —a fact of obvious teleological significance. It 
must be further remaiked that noticeably cold or hot stimuli blunt the 
nervous excitability. The dependency of sensible discnmmation upon 
the place of stimulation appears to run parallel to that of sensibility. 

4. (2) Intensive sensible discrimination in the sphere of sensations 

of taste . — While no investigation at all, under this rubric, has been 
made upon sensations of smellj but very little, and that inadequate, 
has been done for those of taste. Since a real companson of the 
different qualities is out of the question (for the reasons alleged in 
§ 24 4), we could do no more than make a separate inqmry for each 
quality into the empirical course of sensible discrimination as depen- 
dent upon the degree of saturation of the gustable solution Even 
this determination would remain problematical, as long as our ignorance 
'of the physical or chemical meamng of 'gustable’ continued 

(3) Intensive sensible discrimination m the sphere of auditory 
sensations. — {a) Experiments upon tonal intensities, which might be 
suggested by the relative simplicity of the physical conditions of the 
sensation, and, more especially, by the approximate constancy of its 
quality, are very few in number, the reason being that the necessary 
quantitative gradation of the objective intensity of simple penodic 
vibrations presents great difficulties Occasional tests have given a 
constancy of the relative sensible discrimmation , but we know nothing 
positively of the limits of this constancy or the magnitude of the 
relative S. {b) Investigations of the intensities of noisey on the other 
hand, — although these cannot be considered to attach to simple 
qualities, which do not alter with increase of intensity, — have demonstrated 
the constancy of the relative sensible discrimination within wide limits, 
by the procedures of difference determination and difference companson. 

il 
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— is approximately -J. The method of right and wrong cases has been 

f' 

employed in addition to that of mmimal changes, and the constancy 
of the product h.r shows that the delicacy of the relative sensible 
discrimination also remains unchanged wiihm wide limits. 

5, (4) Intensive sensible discrimination in the sphere of organic 
sensations —We cannot attribute any great possibility of intensive 
gradation to the articular sensations. They need hardly be considered 
in connection with the intensive sensible discrimination On the other 
hand, the strain sensations, which in all probability are aroused by 
sensory excitations in the tendinous nerves, are shown by facts of 
ordinary experience to be quite capable of intensive gradation to an 
extent sufficient for experimental purposes, E. H. Weber noticed that 
the sensible discrimination for lifted weights was about twice as great 
as ' that for mtensities of pressure, and argued from this fact to the 
existence of a special * muscle sense’. Since Weber’s time elaborate 
series of experiments on the comparison of lifted weights have been 
made, in particular by Fechner, according to the method of right and 
wrong cases They have given an approximate constancy of the 
relative delicacy and magnitude of sensible discrimination within certain 
limits, both for successive lifting with one arm and for simultaneous 
lifting with the two arms Sensible discrimination is appieciably greater 
in the former case than in the latter (cf the result obtained for pres- 
sure intensities: 3 above). The limits of constancy of the relative 
sensible discnmmation are approximately set by the values 300 and 
5 . 

3,000 g — is to iV; sometimes even less. This direct estimation 

of the heaviness of lifted weights, in terms of the intensity of the 
strain sensations caused by their downward pull, is often employed 
on every day occasions when we are comparing the portableness of 
objects in common use There is also possible an indirect judgment, 
to which we have recourse when the lifting is done quickly and the 
procedure without knowledge rigidly followed It is based upon the 
greater or less velocity of the lifting movement. As a general rule, 
the lighter the weight, the more quickly is it raised, — a definite impulse 
to movement being presupposed. Experiments upon predisposition 
(§ 5- 7j brought out the significance of this indirect 'cnterion 

with great clearness Its applicability plainly involves the presence of 
a certai^n motor predisposition to a light or heavy weight. So that 
the more effectually the tendency to predisposition is checked, the 
less important is the part played by this secondary criterion. Conversely, 
Its application may lead to a serious deception of judgment, since the 
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over or under estimation of the lifted weight will be proportional to 
the magnitude of the impulse to which the arm has been pi edisposed 
by the foregoing experiments. The same effect can also be produced 
voluntarily by the brace taken in preparation for a heavy weight: 
the intensity of the preparation shows itself m that of the strain 
sensations arising from the active contraction of the muscles. It 
follow^s that an exact comparison of the strain sensations aroused by 
the stimulus is possible only when the arm is allowed to hang down, 
motionless and relaxed, and the weights to be compaied are properly 
attached to it while in that position. Attempts to test the sensible 
discnmmation of the ^muscle sense’ by active piessure against a 
resistance of variable intensity, such as a spring, are so ambiguous, 
that we cannot devote space to them here. 


§ 26 Weber’s Law. 




ai- - 


I. This brief survey of the facts of the intensive sensible discrim- 
ination shows clearly enough the recurrence of one definite uniform- 
ity throughout the various sense departments With pressure, auditory, 
and strain sensations we find, within fairly wide limits, a constancy 
of the relative sensible discrimination. When we remember (i) that 
the question of the validity of this law in the sphere of taste and 
smell is still entirely open, (2) that temperature sensations are peculi- 
arly situated (physiological zero-point, etc ), and that nothing positive 
can at present be said as to whether or not they form an exception 
to it, and (3) that the same rule holds for the sensible discrimination 
of intensities of light, we cannot hesitate to affirm that the constancy 
of the relative sensible discrimination for stimulus intensities is the 
expression of a gencial law. Fechner named it ‘ Webei’s law’, because 
E H Weber was the first to call attention to its far-reaching signifi- 
cance We cannot here do more than briefly summarise the numerous 
discussions to which Weber’s law has given nse. We have already 
met the fundamental objection urged against the measurability of 
sensation (§ 6), and will only remaik now that the functional lelation 
between subjectively compared and objectively measured stimulus inten- 
sities is capable of several different mterpietations, and that the 
customary’ classification of explanations of Weber’s law as physiologi- 
cal, psychological, and psychophysical is quite rough, each type readily 
admitting of further subdivision For it is evident that the fact ot 
Weber’s law simply asserts a relation between stimuli and repoits of 
the sensations excited by them, and that between these extremes 
there Fes a whole series of mediatmg processes, all of which, theor- 
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etically considered, may co-operate to give the relation its special 
character. The restriction of theory, hitherto, therefore, to a psycho- 
logical, psychophysical, and physiological interpretation of the law, has 
led to the setting up of merely classificatory rubrics (except in the 
special case of psychophysics, where only one form of explanation is 
conceivable), which may cover very different concrete opinions 

2. E. H. Weber regarded the existence of the law which has 
received its name from him as an mteiestmg psychological fact, (i) 
Fechner, on the other hand gave it a psychophysical significance, and 
maintained this position in various discussions with the representatives 
of opposing views He makes the law an expression of the quantita- 
tive interrelation of physical and psychical magnitudes. Within the 
physical world and within the psychical the law of simple proportion- 
ality obtains: but the relation which the two worlds bear to each 
other is more complicated. In order to obtain an exact formulation 
of this lelation, Fechner assumes that equally noticeable sensation 
differences (all just noticeable differences, eg^ or all subjectively equal 
supraliminal differences found by the method of difference compari- 
son) are equal magnitudes, or form equal increments of a given sen- 
sation intensity That is to say, equal absolute sensation differences 
(A -BiS ^ correspond to equal stimulus ratios or equal relative stimulus 


differences 



and we have 


A 

(1) A ^ = C. 

where C is a constant, regarded as dependent upon the quality of the 
stimulus, etc. If sensation itself is to be expressed as a function of 
stimulus, the equation (i) must be changed into a differential equation 

and then integrated. We thus obtain the fundamental formula: 

( 2 ) d 


and by integration 

E ^ C. log r + c. 

The integration constant c can be determined from the fact that, 
when the stimulus becomes limmal, ^ = o. If we denote the sti- 
mulus hmen by 

o = C log e + or 
— c = C. log 

from which we obtain the measurement foimula: 

(3) ' E = C (log r — log e)- 

sensation increases propoitionately to the logarithm of stimulus. This 

1 E = Bmffindtng, sensation,^ 
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formula, which is not a necessary consequence of Weber’s law, is 
termed Fechner's law or the psychophystc law It is really valid for 
the relation of sensation to central nervous excitation, t e ^ for the two 
directly parallel psychical and physical magnitudes This cannot be 
explained it is a fundamental fact. On the othei hand, it is only 
approximately valid for the relation of stimulus to sensation, of which 
it was primarily intended as the empirical expression : only, i,e,, where 
stimulus and central nervous excitation are proportional. That this 
proportionality does not hold outside of certain limits is shown by the 
upper and lower deviations from Weber’s law Fechner is thus com- 
pelled to make the assertion, that m external psychophysics, which 
exhibits the relation of sensation to stimulus, all manner of physiological 
conditions interfere to pi event an exact verification of his law, but 
that in internal psychophysics it holds serene and undisputed sway, mani- 
fested in particular in the adjuvant and inhibitory effects of attention. 
Having adduced this positive aigument, Fechner is content to meet the 
physiological explanation of Weber’s law with a simple mdication of the 
inconceivabili+y of a logarithmic dependency between physical magnitudes 
3 (2) The chief representative of the physiological mterpretation of 

the law is G. E, Muller. Hitherto, this interpretation has generally 
found its expression in the view that Weber’s law gives the relation 
of stimulus to the central nervous excitation, which is directly propor- 
tional to sensation; although it might equally well substitute for this 
correlation that of stimulus and peripheral nervous excitation, or sti- 
mulus and any other member of the total series of nervous processes. 
No direct and irrefragable proof of the existence of any such physio- 
logical uniformity has as yet been brought But it is well within the 
range of possibilities, and there are enough corroborative facts of 
nervous physiology to raise it at least above the level of mere speculation 
We know, m the first place, that wealc stimuli increase the excitability 
of nervous substance, and that strong stimuli dimmish it We may, 
therefore, suppose that it remains constant within certain limits We 
know again, that the nervous centres offer a resistance to the propa- 
gation of an excitation, which can be oveicome only by frequent 
repetition, long duration, or high intensity of stimulation. And we 
know lastly, that a peripherally originated nervous excitation may take 
different paths within the central organs, and that the area of its 
dispersal is probably proportional to its intensity. Thus a brilliant 
light gives nse to a leflex closure of the hds, as well as to a visual 
sensation, and a sudden, loud noise is not only heard, but answered 
with the start of surprise which involves the entire body. It can be 
shown that in casesi like these the sensation does not come first and 
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cause the movements, but that they appear simultaneously with or even 
noticeably earlier than the sensation. The whole categoiy of involuntary 
motor phenomena consequent upon sensory stimulation is evidence that 
the effects of stimulus upon the nervous system are manifold, and that 
only a fraction of the physical energy transformed into a sensoiy ex- 
citation is used for the central nervous process coixelated with sensa- 
tion If we assume that this fraction always beais the same relation 
to the magnitude of the stimulus, we obtain Weber’s law. The upper 
and lowei deviations fiom it, and the fact of the stimulus limen could 
then be explained partly by reference to the variations m excitability 
mentioned above, partly by the lesistance offered within the central 
organs, and partly by the consideration that ceitain weak excitations, 
such as the idio-iclinal light, appear to be constantly maintained as 
a result of mtemal stimulation. 

4 * (3) (^) The psychological explanation of Weber’s law, of which 

W. Wundt is the principal lepiesentative, also assumes that sensation 
and central nervous excitation are directly proportional, but asserts 
further that both are proportional to the intensity of stimulus It, 
therefore, refers the facts embraced by Weber’s law to the process 
of comparison of sensations or sensation differences. Equally notice- 
able sensation differences, which the physiological theory can inter- 
pret most simply, with the psychophysical, as equal magnitudes, are 
here regarded as differences which represent the same value for our 
compaiison Equation (i) is consequently regarded not m the light of 
the difference hypothesis (which makes equal absolute sensation cliff eiences 
conespond to equal relative stimulus differences), but in that of a relation 
hypothesis (which makes equal lelative sensation differences corr'^'cpond 
to equal relative stimulus differences), and accordmgly writter 
I\E ^ tSr 
E ~ r ' 

This psychological explanation is based upon the general psycho- 
logical fact that we do not possess an absolute measure of the intensity 
of our conscious processes, but can measme them only by one another, 
by companng the intensity, say, of a sensation, with that of 
another present at the moment This fact is designated by Wundt 
a general law of relativity Weber’s law thus becomes merely a 
special case of the wider unilormity, which manifests itself m our 
inability to transcend a relative estimation of intensity, extension, and 
duration in other connections, e g,, in the investigation of the feelings 
and of temporal and spatial magnitudes. And since, further, the 
principal part in all comparison is played by attention or appercep- 
tion (§ 72. 4, etc.), Weber’s law becomes for Winidt an expression of 
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the relation of stimulus (or sensation) intensity to apperception (^) 
The psychological interpretation may, however, assume a different 
form,~^m which it is represented by Ziehen. On his view, Weber’s law 
IS a law of association. The ideas of ‘greater’ and ‘less’ are associatively 
connected with the stronger and weaker sensation Not every sensation 
difference reproduces such an idea, but only a difference which stands 
in a definite relation to the absolute sensation intensity Weber’s law 
may therefore be written as follows : two or more sensation differences 
reproduce the same judgment 'different’, when the relative stimulus 
differences corresponding to them are equal. 

5. The most improbable of all these interpretations is, evidently, 
the psychophysical. Its basal assumption of the equal magnitude of 
equally noticeable sensation differences is exceedingly precarious. The 
point is wholly missed that the lelation obtaining between sensation 
and the account given of sensation is too complicated to admit of 
our entertaining any hope of sensation measurement. And no ex- 
planation IS given of the form of dependency expressed by Weber’s 
law, other than an arbitrary and undemonstrable assertion that it is 
a remarkable fundamental fact. Indeed, it is not too much to say 
that psychology has given her final verdict in the case of Fechner’s 
law. While we cannot deny the importance of the underlying idea 
of a functional relation between psychical and physical phenomena, 
we cannot admit the necessity of a loganthmic proportion m this 
relation or the validity of the metaphysical reflection which suggested 
It The many differences in the observed facts, and the limited range 
over which experiment has proved Weber’s law to hold have not re- 
ceived their due share of attention, and the assumption of extraneous 
influences preventing an exact veiification of the law m external psy- 
chophysics is inadequate to its task. The two other mterpretations 
are preferable to the psychophysical, in that they attempt to furnish 
a real explanation by bnnging Weber’s law into connection with 
known facts of physiology or psychology The physiological view 
has the advantage of the psychological in its ability to meet parti- 
cular facts with particular explanations; the psychological has the 
advantage of the physiological m its explicit recognition of the peculiar 
relations involved in the comparison of sensations It is obvious that 
the psychological theory does not exclude a physiological, since the 
central nervous processes which run parallel to apperception or asso- 
ciation must stand to the physical processes lunning parallel to sen- 
sations in the relation required by the law. It is, probably, too early 
to attempt a decision The more generally Weber’s law is confirmed 
m cases of quantitative companson of conscious processes, the greater 
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Will be the likelihood of the psychological interpretation. On the 
other hand, the more limited the domain within which the law is 
found to apply, the greater will be the reason for the adoption of 
the physiological explanation with its adaptability to the individual fact. 

6. The question of the psychological significance of Weber’s law 
is quite different from that of its interpretation. We have spoken 
more than once of the connection between memory and the laws of 
sensible discrimination (cf. § 15 i; § 18. i, 5). The recognition 
of sense impressions we have seen to be dependent not upon their 
absolute but upon their relative likeness. It is for this reason that 
a musical composition may be rendered without suffering any con- 
siderable change not only by orchestras or choirs of different strength, 
but even upon the piano, the dynamic capacities of which fall very 
far short of orchestral production It is for this reason that we can 
orientate ourselves in our surroundings with approximately equal 
facility under very different conditions of illummation: the equal 
relative bnghtness differences are taken to be equally great It is 
for this reason that a landscape painting does not displease the eye; 
but may even deceive it by producing an illusion of reality. And it 
is for the same reason that our memory of something seen or heard 
may be extremely accurate although the absolute intensities of the 
impressions are altogether impossible of reproduction. All this is 
evidence of the importance and purposiveness of Weber’s law in 
our daily life. The thought accordingly suggests itself that a law of its 
character, a rule of perception, must have been developed m the 
course of organic evolution* and, as a matter of fact, experiments on 
the lowest organisms have given a similar formulation of their reaction 
upon external stimuli. This result does not do away with the need of a 
detailed explanation, but it at least sets the law in the perspective of a 
genetic treatment. We must be especially careful, however, to avoid 
supposing that observations on the sensitivity of lower organisms to stimuli 
prove the correctness of the physiological theory of Weber’s law, because, 
eg.i these creatures are unable to compare and to judge Weber’s law is 
the law of a relation between stimulus and judgment and not of one between 
stimulus and reactive movement, and the difference between the organic 
processes in a differentiated nervous system and a homogeneous 
protoplasmic mass is too great to allow of translation of one into 
the other, or of inference from the protozoon to ourselves. 
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Chapter IV. Reproduction and Association. 


§ 27. Memory, Imagination, Reproduction. 

I The guidance afforded us m our discussion of penpheraily 
excited sensations by the existence of adequate stimuli is not continued 
in the present Section, A special investigation of the nature of 
centrally excited sensations is, therefore, exceedingly difficult And 
the stumbling blocks which beset the path of inquiry enable us to 
understand how it is that all the terms employed to designate the 
phenomena, some of the commonest of which are named m the 
heading of this paragraph, are still loosely defined and variously applied. 
We must, therefore, begin by cleady stating the problems, principles, 
and concepts, with which such an inquiry has to deal. What 
partially replaces the guidance previously furnished by stimuli is 
really a dogma, which we may formulate, almost in the words of a 
famous philosophical dictum, as follows mhil est in memoria, quod 
non prius fuent in sensu. In our own terminology the proposition 
would run: there is no centrally excited sensation which has not 
previously been peripherally excited. The English philosophy and 
psychology have declared with a peisistency which has given repeated 
assertion the appearance of axiomatic truth that memonal images 
are of the same kind as perceptions, only weaker — with the occasional 
addition that fancy images are in their turn wealrer than memorial. 
A proposition hke this obviously makes it superfluous to undertake 
an especial investigation, at any rate of the quality of centrally 
excited sensations. But its conectness has never been demonstrated, 
and its constant assumption has perhaps done as much as anything 
else to render this department of psychology barren and schematic. 
We shall enter upon its examination in detail in the next Section: 
first of all we ynl\ attempt a critical estimate of the value of the 

x6g 
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concepts of memory, imagination, reproduction, etc., and of their 
correspondence with the facts. 

2. The fact implied in the terras memory and reproduction, and m 
part also in recollection, is simply this that an impression which has 
been produced m the past by a particular stimulus does not disappear 
outright with the cessation of that stimulus, but is somehow conserved, 
and, under certain conditions, has the power of again becoming a 
noticeable part of conscious contents, without any renewal of the original 
peripheral stimulation. We often explicitly recognise it on its reap- 
pearance as the same impression, and are frequently able to describe 
the circumstances of its onginal production From these facts it is con- 
jectured that even in the not very uncommon cases where there is 
no recognition, general or special, the centrally excited sensations are 
still merely ‘reproductions,’ ‘memorial’ or ‘fancy images’ of previous 
penpherally excited sensations. If we abstract from the metaphysical 
ideas which have clustered round tire phenomena (one theory consigns 
the images to the care of an imconscious mmd, another makes the 
brain deposit its sensory excitations m particular ganglion cells), we 
have m this view a generalisation of experiences of whose jeahty 
there can be no doubt. The word ‘memory’ lays particular stress 
upon the latency of the ‘conserved’ impressions; ‘reproduction’ and 
‘ recollection’ upon their recurrence m consciousness. Imagination 
differs from all three in admitting the possibility of a dissimilarity 
between the penpherally and centrally excited contents. The fancy 
image is, m a certam measure, somethmg new, not a mere copy of a 
foregone perception. The activity of memory is reproductive that of^ 
fancy or imagination seems in contiast to it to be productive, creative. 
What is ordinarily regarded as new m imagination, however, is not 
the occurrence of peculiar elementary qualities, whijh have never made 
their appearance in peripherally excited sensation, but simply the 
arrangement or connection of conscious elements, already given in 
sense perception This hypothesis, again, has its exclusive factual 
support m the frequent recurrence of a recognition of the elements. 
Memory, then, as the stoiehouse of peripheially excited impressions, 
is the root both of recollection and imagination, but while recollec- 
tion repeats the connection which obtained between the elements of 
a perception, imagmation arranges them with some degree oT freedom. 

3. It is evident that the psychological processes comprehended 
under these terms are all centrally excited sensations, and that the 
function of the terms is to fix and describe their relation to sensations 
peripherally excited Recognition, which acts as intermediary, appears 
to be simply a special function of the sensible {Jiscrimmation. When 
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we are comparing peripherally excited sensations with one another, 
we deteimirie their qualitative likeness or difference. And recognition 
merely covers the special cases in which a centrally excited sensation 
IS judged to be qualitatively identical with another sensation, peripherally 
excited on some former occasion. But the matter is really not so 
simple (i) We are ordinanly unable to mstitute a direct comparison 
of memorial image with perception. Even though comparison be 
posMble, It IS lendered exceedingly difficult by the great differences in 
intensity, duration or extension (2) Apart from this, however, the 
conditions are as unfavourable to comj)aiison as they well can be 
In all other instances of the investigation of the sensible discrimina- 
tion for successive stimuli, we take caie that only a few seconds shall 
elapse between the compared impressions, and attempt to limit the 
number of judgments of equality by all kinds ot variation of experimental 
conditions and stimulus magnitudes. Here, on the other hand, the 
interval between peiipheially excited and repioduced sensation may 
be of any length, and an exact gradation of the objects of compaiison 
or isolated vaiiation of their conditions is out of the question. We 
can, therefore, understand why it is that recognition as a general rule 
refers not to a memoiial image, but to a perception, which is ]udged 
to be equal or smiilar to a previous impression peiipheially excited. 
Now in the view of certain physiologists, and m particular of Munk, this 
fact can be explained only on the assumption that the memonal 
image of such a previous impression is reproduced When, e.^ , we 
judge a colour to be of a familiar quality, the process involved is 
that of the reproduction of the same coloui as previously seen. This 
recogmlion would, accordmgly, be a simple reveisal ot the case 
described above; the compaiison is seemingly mstituted between a 
given peiipheral impression and a memorial image called up by it. 

4. We are thus led to the special problem of the process of 
recognition itself. Recognition may take place in two very different 
ways either in the form of a judgment, general or particulai, expres- 
sive of familiarity with an object or an occurrence, without a reproduction 
of the sensations involved m its previous perception, or by the 
intermediation of reproduced sensations, which connect with the object 
of present perception or ideation, and repeat certain circumstances of 
the original situation. The first is dtrecl, the second indirect recognition 
The reproduction of memory images which correspond to the previous 
perception and represent it with more or less of fidelity seems to occur 
but seldom.^ Direct recognition has recently come to receive the 

1 This IS my own experience. And I cannot but think that it must be the experience 
of others, although ropijf)duction is so often made the dtjfet entia of recognition in 
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attention which it deserves, and a theory has been propounded that 
a ‘ quality of knownness ’ attaches to immediately recognised sensations 
It is true that such a theory meiely introduces a new word, instead 
of proceeding by way of careful analysis and detailed explanation — a 
word, moreover, which may very well carry with it the erroneous 
suggestion that familiar ideas as such possess a peculiar attribute, t e , 
that of familiarity but at least it admits by implication that a judgment 
of familiarity can be passed without the mteimediation of particular 
memorial images, and thus raises the question of the real basis of this 
judgment. In oui own view, its foundation consists (i) in the especial 
effectiveness for central excitation of familiar impressions or memorial 
images, and (2) m the characteristic mood which they ordinarily induce, 
and which embraces both pleasurable (or at least comfortable) affective 
states and the corresponding organic sensations. 

5. (i) No argument is leqmred to prove that the effectiveness of the 
known for central excitation is essentially different from that of the 
unknown While the former more or less quickly arouses the most 
various local, temporal, conceptual, etc. ideas, showing all degrees of 
relation to the perceived or remembered impression, the unknown 
stands in isolation, and can be brought into connection with our exist- 
ing mental fUrmture only by definite judgments of reference and com- 
parison. Of course, for the developed consciousness there is hardly 
any such thmg as an absolutely unknown. Some concept or other 
will always admit of application to the impression, however novel; or, 
in psychological phraseology, every sensation will reproduce at least 
a veibal idea But recognition does not, as a rule, consist in a mere 
general determination of this kmd, but rather m the wholly specific 
judgment that a given impression has been alieady experienced. It 
is sufficient for direct recognition, in this connection, that the effectiveness 
of a known impression (in the present sense of the word) for central 
excitation is noticeably diffeient from that of the impression not yet 
individually expenenced, without theie being any clear idea of the 
particular elements which justify or underlie the judgment For the 
most part, the judgments of this direct recognition are not fmther 
specialised ; there is only an immediate reproduction of the name 
^ known’ It is facilitated by the working of a psychological law, 
absolutely valid within certain limits, — the law that general denominations 
are more easily reproduced than special. (2) The mood into which 
we are thrown by fajniliar impressions, again, is essentially different 
from that induced bf unfamiliar If we abstract from the particular 

psychological treatises. It appears as if schematism had here gained an easy victory 
over the presentment of facts as they really are. ^ 
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character of the two in the given case, and from the ditFerences in 
the state of consciousness preceding them (expectation and unprepared 
attention), we may say that the known, as known, has a reassuring 
or pleasurable effect, while the unknown, as unknown, is disquieting or 
unpleasant This is intimately connected with the indisputable biological 
and practical impoitance of the distinction between the known and 
the unknown Every impression produces a certain reaction on the 
part of the living organism but while known phenomena reproduce 
a sensory and motor reaction, previously employed and tested, with 
relative ease and certainty, unknown must be assimilated, and an 
appropriate form of reaction discovered. It is readily intelligible, 
therefore, that feelings and organic sensations are aroused and moulded 
in a distinctive manner by a recognisable impression 
6. Two objections may be urged against this view of direct 
recognition {a) It may be said that it only pushes the real problem 
one step further back, in referring the recognition of an impression 
to the mood reproduced by it, or to its especial effectiveness for 
central excitation , — i <?., to something which itself constitutes the object 
of recognition, and only m that way can furnish the basis of the 
recognitory judgment. If this objection held, there would be no such 
thing as direct recognition, but only indiiect, and the mediation which 
it posits must be conceived of as continued to infinity The recog- 
nition of the mood must m its turn be mediated by the recollection 
of particular elements, and so on We may abstract from this reducho 
ad absurdum, and consider only the denial of the fact of direct 
recognition. If the fact is substantiated, as we believe it is, a simple 
difference in the effectiveness of the known and the unknown is 
plainly adequate to its explanation, in as much as these quite general 
determinations are all that are involved in it {b) It may be urged that 
we have asserted the possibility of a judgment of familiarity in cases where 
the various reasons which justify it are not reproduceable This objection, 
however, is simply the expression of a logical postulate; not a rule 
of psychological reaction On the contrary, as we remarked just now, 
the psychological , law is that the denominations of general concepts 
are more quickly and easily reproduced than those of special. This 
law is itself only a particular case of the universal rule that the 
frequency of excitation exerts an influence upon the reproductivity 
of impression Since the name of a logical category must, in general, 
occur in consciousness far more frequently than the name of the 
individual subsumed to it (it can be referred to a far greater number 
of reproducing stimuli), it will appear more easily and more quickly 
in the given case,^ This fact has an important bearing upon the 
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significance of concepts, and more especially of general concepts, and 
upon the explanation of scientific development. It is further confirmed 
by the experience that when memory begins to fail in consequence of 
age, concrete names, and particularly the names of individual persons 
oi things, are forgotten befoie abstract. Another illustiation of the 
law IS afforded by the result of experunents by the procediue without 
knowledge The existence of a difference betw^een the compared 
sensations is earlier remaiked than the dnection which it takes, or 
the nature of the objects between which it obtains. 

7. It follows from this conception of direct recognition that its 
judgments will not seldom be erroneous. Two kinds of wrong judg- 
ment are possible We may regard something as known which has 
not been individually experienced, and we may declare something to 
be unknown which has been a matter of individual experience (1) 
We can explain the fiist error, by assuming that the effects which we 
have desciibcd above may be produced not only by precisely identical 
processes or objects, but also by those which are simply more or less 
similar, ue , which are either partially coincident with the contents 
of the original sensations, or evince no noticeable diffeience to a sen- 
sible discrimination so unfavourably circumstanced Thus we may 
imagine that we have previously been in some place which it can be 
proved we have never seen before, or that we know an individual 
whom we have certainly never met, etc It may be that Plato in his 
doctrine of icvd^ivriGig and pre-existence was thinking of expenences 
of this kind (11) The second error is due, on our theoiy, to the fact 
that the unrecognised impression was too transient, or appeared too 
seldom, or was separated by too long an interval from its revival, to 
be able to produce a noticeable effect upon reproduction or mood.— - 
Lastly, the question arises, whether one of these two factors which we 
regard as the basis of direct recognition is to be considered funda- 
mental, or whether the two are to be looked upon as altogether co- 
ordinate resultants of the operation of the known, however different 
the value of each may be in a given case Unaided introspection can 
hardly return a satisfactory answer to this question. But certain 
pathological observations in cases of mental hhndness and mental 
deafness (Munk) seem to admit of a definite interpretation which throws 
light upon it. By mental blindness and mental deafness is meant the 
incapacity of cognising an object of sense perception in its true sig- 
lUficance, or of naming it and making use of its exp erientially known 
properties. Thus, if a patient be given a spoon, he may see it and 
even declare that it is familiar, but be unable to name it or to put 
it to any use, etc. Such cases may rise to thjB extreme of logical 
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paradox. Thm, a patient has been known to descnbe a fork exactly, 
and yet not to cognise it as a fork when it was shown her. Here 
we obviously have an abrogation of the reproducing effect of impres- 
sions. That these may, nevertheless, appear familiar must be due to 
the power of what we have called mood to exert an influence indepen- 
dently of their effectiveness for central excitation, ie , as a co-ordmate 
factor in the recogmtory process. 

8 It is plain that direct recognition supplies no foundation for the 
statement that memory images are merely revived peiceptions Nc 
comparison of the two is carried out. But it may, perhaps, be other- 
wise with indirect recognition. In certain cases, and especially when 
a recollection requires time and trouble for its full development, we 
can observe a real comparison of the reproduced and peripherally 
excited impressions. Two general types of indirect recognition can be 
distinguished. In the first, the environment of the recognised object 
(not only m the spatial sense, but regarded as the sum of attendant 
and simultaneously perceptible processes) is noticeably the same as 
before; in the second, it is noticeably different from that of the pre- 
vious perception. In the former case, indirect recognition admits of 
resolution into a series of acts of direct recognition, not only the 
individual definite object, but the individual circumstances are succes- 
sively judged to be familiar. But it will deserve the name of mdiiect 
recognition, whenever the object itself, even if nothing else, is recog- 
nised solely upon the ground of the familianty of its attendant cir- 
cumstances. If on the other hand, the environment is noticeably 
different, indirect recognition will be effected when the object reminds 
us of its previous surroundings, ue., reproduces sensations which 
represent them, or knowledge about them, etc. In virtue of this effect- 
iveness for central excitation, which plainly assumes a quite definite 
form in consciousness, the object itself is here placed in the category of 
the known. That the same object is compared with its own memorial 
image for purposes of recognition can happen but rarely, and then 
only under the unfavourable conditions already referred to It is 
evidently impossible to assert on this basis that quahtative likeness is 
established by the direct comparison of perception and memory image 
The assumption of their identity rests, therefore, not upon any ade- 
quate empincal induction, but upon the old sensualistic idea that the 
mind can store in memory nothing which it has not received through 
the senses, and upon the view, which has found many representatives 
in modem times, that the same nervous centres form the substrate of 
perception and memorial image — Munk*s contrary argument from the 
facts of mental blindness and mental deafness to a physiological and 
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anatomical separateness of these centres is shown by the outcome of 
the present discussion to be altogether insufficient. 

9. The same thing holds of fancy images Here again, the recognition 
of the elementary constituents is no proof of the agreement of their 
contents with those of the perception and memory image. Direct 
comparison with the perceived object is so far facilitated, that there 
is no comcidence at any rate in the arrangement of qualities, ie„ 
that one series cannot completely oveihe the other. But the condi- 
tions of comparison in general are just as unfavourable as before. 
Moreover, memory and imagination show great individual differences, 
which are by no means necessarily paralleled by corresponding differ- 
ences in perception. We speak of a special development of the audi- 
tory or visual memory,— of a special tendency to reproduce verbal 
images in contradistinction to a predommant inclination to recollect 
m terms of concrete pictorial images. We cannot say that these cases 
present equally clear differences in the accuracy and ease of auditory 
or visual perception, etc Few persons appear to have the power of 
reproducing colours with any degree of clearness, and the recollection 
of tones or series of tones is at least very largely assisted by the 
motor excitations of the vocal organs, which, if they do not make 
reproduction possible in the first place, are able considerably to 
increase its clearness. But it has not been found that recognition is 
particularly deficient m persons with poor visual memory, that 
because they are unable to imagine a colour tone, it is, therefore, 
impossible for them to recognise a definite colour which they have 
previously seen We are, therefore, again led to the conclusion that 
recognition does not consist essentially in a comparison of reproduced 
and perceived qualities. 

I have made observations upon several persons with a view to determining 
their power of the recollection (reproduction) of colour tones. We sat In a 
darkened chamber, and I required my subjects to repioduce definite colours, 
which I named to them in any order; yellow, green, red, etc. In most cases 
the reproduction was effected with more or less vividness in some 10 sec But 
one observer was absolutely incapable of forming a sensory idea of any coloured 
object. He saw nothmg, m spite of all his efforts, and although plenty of time 
was allowed him His visual perception was quite normal, and he stated that 
he had never had illusions. I had no opportunity of testing his auditory repro- 
duction. The process of recognition, so far as I could discover, was entirely 
normal. Here then, we have a person who recollects and remembers without- 
memory images, and has thoughts and ideas without images of imagination. It 
is certainly difficult to brmg lus case within the schema of association and 
reproduction current in psychological treatises. 

^ 10. Two result3 follow from these considerations, that what we 



§ 27 a THE INVESTIGATION OE ASSOCIATION ANE MEMORY. \ 


call recollection is by no means identical with the reproduction 
that which we recollect, but that, on the contrary, reproduction ph 
a relatively unimportant part in the total process; and that if 
give up the dogma quoted at the beginning of this Section, we ha 
absolutely no adequate knowledge of the nature of centrally excit 
sensations, while we have facts which appear to show that th 
relation to peripherally excited sensations is not a simple one. 
in conclusion, we enquiie what are the conditions of the originati 
or the phenomena of centrally excited sensations, we are invanal 
referred to assoctaiton, a form of connection between sensations 
ideas characterised by the fact that the appearance of the one term 
it IS followed by the revival of the other. It will now be our ta 
(a) to examine the properties of centrally excited sensations in t 
light of the few experimental investigations which have hitherto be 
made, and {h) to discover what we can of their conditions, and 
pave the way for their theory. Where recollection is involved 
these inquiries, it too will occupy our attention. We may, howew 
remark at once that the most important thing for recollection 
general is the possibility of movements which can be guided by tl 
will to imitate the contents of perception. The repetition of wor 
and tones which we have heard spoken and sung, and the drawi: 
and painting of lights and shades and colours seen, not only facihta 
and strengthen recollection, but furnish an opportunity which 
independent of the contingency of peiception for the repetition 
the impressions to be remembered. We can accordingly understai 
how it is that we so often recollect by merely noticing the movemer 
or impulses to the movements which would serve to produce 
particular impression, and that some psychologists believe that ; 
recollection takes place in this way. 


[§ 27 a. The Investigation of Association and 


I . Galton appears to have been the first to apply an experimen' 
method to the investigation of the ‘ association of ideas \ His earl 
and cruder procedure was to walk leisurely along a busy thoroughfs 
for a distance of some 450 yards, attentively scrutinising eveiy st 
cessive object (some 300 were viewed) that caught his eyes, and hoi 
mg the attention upon it until one or two thoughts had arisen 
way of direct association. Out of the observations taken in this way gr^ 
the following method. A list of 75 words was written out on sepan 
sheets of paper. They were exposed one by one , and a chronogra 
was started as each was cognised, and stopped as soon as “about 
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couple of ideas in direct association with the word had arisen ” in the 
mind. These associative ideas were written down, and the experi- 
ment was then resumed with the next word The results were subjected 
both to quantitative and qualitative analysis (cf § 71. 7). 

2. Galton’s method has been developed on its quantitative side in 
expeiiments upon the duration of the association reaction (cf §§ 
70 6, 71 6). It has been turned to qualitative account, in vanous 
forms, by Scripture and Munsterberg (i) Sciipture’s experiments were 
made in a darkened chamber, completely protected from external 
distmbances. Internal sources of error were also as fai as possible 
eliminated. The observei was not hunied by the thought that his 
association-time was being measured; and the “Now’” of the experi- 
menter induced an approximately constant state of consciousness. 
The “Now’” was called out two seconds before the experiment 
(§ 5. 4). In the visual series a white card, on which was pasted a word, 
picture, symbol, etc., was illuminated for foui sec. The subject might 
name his associations at any time during this exposure limit; but was 
required to arrest the train of associated ideas on the disappearance of 
the stimulus. Some visual experiments were also made with a large 
coloured surface as stimulus , and other series were taken with sounds, 
tastes, and tactual impressions. (2) Miinsterberg’s earlier inquiry is 
directed upon the more special question whether there is any qualitative 
difference between the apperceptive and associative connection of ideas 
(§ 77 - 4)* The reaction method was employed throughout. There 
are two groups of expenraents. The hrst seeks to show that the final 
psychical results of voluntary ideation can be produced without con- 
scious activity of the will, the second to relate acts of choice or judgment 
with cases of mere association, under conditions which prove that the 
same psychophysical explanation must hold for both alike. The former 
procedure is described and criticised by the author below (§ 70 2) 
In the latter, the hypothesis that, in the compound leaction, process 
follows process in seiial order is tested by a progressive complication 
of reaction conditions (from “Name the associate of gold ’ ” — “Silver’ ” 
to, “Which is more impressive: the finest drama of Shakespeare 
or the finest opera of Wagner?” — “ Lohengnn ’ ”) and a direct inter- 
comparison of the numerical results obtained — One of Miinsterberg’s 
later studies is discussed below (§ 28, i, 2) 

3. Turning from investigations of association to those of memory, 

we have to mention, in the first instance, the work of Ebbmghaus 
(§§ 30- 31- 7)- ^ iWs research memory (learning, retention, 

reproduction) is measuied m terms of two of its external conditions, 
time and the number of repetitions Some 2300 ^nonsense' syllables 
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were formed, each containing two consonants and one of eleven vowels 
and diphthongs. These were mixed together, and series of different 
length drawn from them in the order of chance. The separate series 
were read aloud repeatedly, until they could be voluntarily just re- 
produced, i.e.y until they could be said ^by heart,’ when the first term 
was given, without hesitation, in a definite tempo, and with the 
consciousness of accuracy. The method has four advantages. The 
material is comparatively simple (though eye, ear and vocal muscles 
are concerned in the learning of the syllables); it is comparatively 
uniform (though certain differences of ease and difficulty were notice- 
able); it furnishes an inexhaustible supply of combinations of the same 
character; and it readily admits of quantitative variation. Constancy 
of experimental conditions was secured by the observance of several 
rules. The separate series were always read completely through from 
beginning to end, reading and repetition were pex formed at a uniform 
rapidity; a single rhythm was introduced; the interval between ex- 
periment and experiment remained the same; learning was done as 
quickly as possible, /.<?., the attention was held at the highest level 
of concentration ; all artificial aids to memory were excluded , and the 
external circumstances of expeiimentation (time of day, previous work, 
etc) strictly regulated Four sources of error appeared to be incapable 
of absolute elimination; neither material nor external circumstances 
could be made absolutely uniform; predisposition varied; and as 
Ebbinghaus was at once experimenter and experimentee, theories and 
interpretations might be expected to take shape in the course of the 
investigation, and, though unremarked, to exert an influence upon the 
experimental results. — The points considered in the enquiiy are as 
follows : the dependency of the rapidity with which a series is learned 
upon the number of syllables contained in it; the dependency of 
retention upon the number of repetitions, upon the frequency with 
which the series has been bi ought to the limit of just possible repro- 
duction by lepeated learning, and upon the succession of terms in the 
senes; and the dependency of retention and forgetfulness upon time 
interval. 

The method followed by Ebbinghaus has recently been discussed 
in an elaborate monograph, on the basis of new experiments, by 
Miiller and Schumann. We cannot here enter upon the question of 
the mathematical treatment of the results, with which these authors 
(as well as Ebbinghaus himself) deal at some length. They suggest 
the following methodological improvements that experiments should 
always be made by two persons; that the syllables should be presented 
to the observer by a special rotation apparatus , that they should be 
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made more uniform than in Ebbmghaus’ series; that the interval 
between experiment and expenment should be objectively regulated 
by definite rules, valid for all observers; and that the observers should 
be carefully chosen, and work begun only with those who can devote 
a considerable period of time to the research The advantages of the 
amended method are demonstrated in detail, and exact directions 
given for the construction of syllables, etc 

4. Wolfe (§ 31 6, 7) reroaiks that Ebbinghaus’ material is not 
the simplest possible, since memory need not demand the co-operation 
of three senses. He separates the special problem of tonal memory 
from that of memory in general, and employs the procedure by lecogni- 
tion (stimulus lepeated, and judged as 'same’ or 'different’) in preference 
to that by reproduction in the ordinary sense Two sets of experiments 
were taken, under slightly different conditions, by the method of right 
and wrong cases (§8 3). In the first, five standard tones were used. 
These were varied, within narrow lunits, durmg the experimental seiies. 
The compared tones might differ from the standard by 4, 8, or 12 
vibrations in the i sec, and were given after intervals of i to 120 
sec. In the second set, eleven standard tones were used, and kept 
constant throughout a series. The compared tones might differ by 4 
or 8 vibrations, and were given after intervals of i to 75 sec. The 
mvestigation deals with the dependency of tonal memory upon time 
interval, upon pitch, and upon general conditions (practice and fatigue) 
Both musical and unmusical observers took part in it 

5 Lehmann (§ 31, 5, 6) attacks the problem of recognition itself, 
in two investigations, making it the touchstone of the validity of the 
two 'laws’ of association, similarity and contiguity (§ 29) His experi- 
ments fall mto four groups, (i) First paper Visual experiments on 
* simple ’ recognition — ^These form the counterpart of the auditory ex- 
periments of Wolfe. The observer sits m a dark room A standard gray 
(black and white sectors^ disc, ie, is shown him After a certain interval, 
either w is exposed, or a brighter disc, or a darker, m This second 
gray IS judged to be equal to or different from that of n. The expenment 
IS repeated, after an interval, with the same /z, /, and m, given in 
different order. This is done 10 tunes, and then a new series is 
taken, with different zz, /, m, and, perhaps, / Lehmann investigated 
the dependency of recognition upon the difference between the sensa- 
tions, and the number of impressions; upon the time interval; and 
upon general conditions (individual disposition and practice) (li) Visual 
experiments upon recognition 'by definition’. -Three series of 
grays were formed, between the extremes of black and white; one 
consisting of 5, one of 6, and one of 9 equal sensation differences 
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A full senes was shown to the observer, arranged in the order from 
black to white After a brief interval, the 5, 6 or 9 terms were exposed 
singly, 'in any succession; and the observer was required to state the 
place in the senes which each occupied. These experiments were 
supplemented by others, similar to those of (i), except that two discs 
were displayed simultaneously in the first instance, and one of them 
again after the lapse of t\ and that the observer was asked to judge 
whether this isolated disc was the darker or lighter of the original two 
The dependencies investigated were those upon the differences of the 
sensations, the time mterval, and disposition and practice, (iii) Second 
paper: Olfactory experiments on ^direct’ recognition.— A series of 62 
scents^ was prepared. The observer was asked to decide, first of all, 
whether the sensation was familiar, and if it was, to write down all 
the ideas called up by it. Some 10 or 20 experiments constituted a 
series. No time limit was set to the separate experiment. The 
observers were not chemists, and could not recognise the stimuli by 
their appearance The scents weie not intensive, nor was a series long 
enough to fatigue the oigan (iv) Auditory expeiimeuts on 'prepared’ 
recognition. —Two series were taken. In the first, a standard stimulus 
(dropping of a steel ball from a known height) was followed at vari- 
able intervals by a stimulus of comparison, whose intensity was varied 
in both dll actions until subjective equality was reached. In the others, 
the second stimulus was kept constant, and judgment made m terms 
of the first (variable) sound. Three intervals, (2, 4 and 6 sec.) were 
investigated. 

6. Binet has recently published the results of an investigation into 
the development of visual memory in children., Some 300 boys from 
the primary schools of Pans were examined by classes (average age 
7 to 9, 9 to II, and ii to 13), the experiments being made upon 
groups of four (1) Method of recognition (a) A standard vertical 
line (i 5, 4, 16, 40 or 68 mm) was shown for 5 or 6 sec. After 
an mteival of 4 or 5 sec., a series of vertical lines (single point to i 
cm , differences of 0.5 mm. ; pomt to 8 cm., differences of 4 mm.) 
was displayed, and the subject required to indicate the Ime which 
appeared equal to the standard, (p) The standard was directly com- 
pared with the senes It was placed below the latter, at a distance 
of about 10 cm. from it. (11) Method of reproduction (ct) The standard 
lines, shown horizontally, were drawn by the subjects from memory, 
or ((?) were copied, the standard remaining exposed during the 
experiment. 

The same author has further examined the ‘typical’ memories of 
blindfold chess. pla;^ers (visual) and professional calculators (visual and 
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auditory), and has compared the number memory of the latter with 
the simulated number memory acquired by mnemotechny (cf. § 30 5). 

Bmet distinguishes four methods of memorial investigation. (1) The method of 
description consists simply, as the name implies, m the characterisation of an 
object ^from memory.’ (11) The method of recognition, (m) The method of 
reproduction^ (iv) The method of comparison, A given impression is compared 
with the memory image of a previous impression (cf the sensation method of 
right and wrong cases) The last three methods are the more important. They 
can be employed (a) where the functions of experimenter and expenmentee are 
combined m the same individual (Munsterberg) , (|?) where two persons seive 
alternately as observed and experimenter, and (y) where expenments are made 
by a smgle experimenter upon a large class (Bmet and Henri, Jas trow, Bom don) 
They are of assistance for the investigation of individual memories (typical, 
piofessional, etc.), of ^mental span’, or the number of objects which can be 
fixed ID memory m a given time, of the persistence of memory, etc., etc. 
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§ 38. The Attributes of Centrally Excited Sensations 

X. Centrally exated sensations, like peripherally excited, rnust be 
accredited with quality, intensity, and a temporal and spatial character. 
The exact determination of these attributes, however, is exceedingly 
dilBcult, since they do not stand in a simple functional relation to 
external stimuh, and are only occasionally distinct or persistent enough 
to allow of detailed description. Important as the quesUon of their 
definition is, therefore, it cannot be experimentally approached except 
1 ^ indirect methods. The first point of interest is, the relation which 
they bear to the corresponding attnbutes of peripherally excited sensa- 
tions. Its elucidation has been attempted in two experimental re- 
swches: by Munsterberg (who employed printed words to produce 
illusions) and the author (who obtained judgments of subjective and 
objective illumination of a dark surface). Illusions, i.e., subjective per- 
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versions of the contents of objective perception, occur very frequently, 
unless deliberately guarded against, and especially when the outlines 
of the perception, the diffeiences of the objective brightnesses, etc , 
are indistinct. Most of us have mistaken a tree tiunk in the twilight 
for a living person Poets have often described the changes m a 
dead face that seem to follow the mood of the watcher, and the 
power of a strained expectation to deceive eye or ear. But it is not 
easy to ascertain how much in such effects is due to a mistaken 
judgment, and how much to centrally excited sensations In many 
cases the illusory judgment comes first, and the impression is then 
transformed into agreement with it. But the fact of importance in 
all phenomena of the kind is that centrally excited sensations can 
apparently take the place of peupheially excited, that to the judg- 
ment of the observer they are of equal value with perception The 
inference is, perhaps, allowable, that m certain ciicumstances they 
are qualitatively similar to peripherally excited contents. And, as a 
matter of fact, Munsterberg has found that if a word is displayed for 
a bnef time which presents some slight difference from another word, 
it is read as if this difference were not visible, provided that a 
word is previously called out to the observer which stands in intimate 
association to the other, but has nothing to do with the actual im- 
pression. Thus ‘part’ is read as ‘past’, if ‘future’ is suggested, ‘fright’ 
as ‘fruit’, if ‘vegetable’ is given 

2. The limits of possible variation of conditions in these experi- 
ments are plainly restricted; and the experiments themselves cannot 
be considered as wholly free from objection. For the number of 
changed or absent letters was so small, that the high degree of 
effectiveness of the remainder (which belonged to a word related to 
the word called out) for central excitation could not be very greatly 
dimimshed; and the time of exposure was so short, that a really 
clear perception was impossible, and it might have been precisely the 
region of change or absence which was indistinctly remarked. Again, 
there is the danger that the spoken word helps to form the impres- 
sion which should have been produced by the word seen And the 
observer’s statement that he clearly saw the whole word is hardly a 
sufficient guarantee that errors of this kind were eliminated. — The 
author’s "experiments were primarily intended to show that there might 
be impressions, even for the developed consciousness, whose character 
as objective (referable to an external stimulus) or subjective (attribut- 
able to the condition of the subject) could not be established a priori, 
by the aid of enteria of general applicability; and that, consequently, 
the predicates, subjective and objective, are always secondary and 
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empirical determinations, suggestible in a great variety of ways. The 
experiments served at the same time to extend our knowledge of the 
relation of reproduction to perception The procedure was, of course, 
altogether without knowledge. The observer sat at his ease in a 
darkened chamber, and was required to say whether he saw any- 
thing, and if so, what it was like, and whether he thought that it 
was objective or subjective. The only objective phenomenon intro- 
duced was a faint illumination of the dark wall facing the subject, 
given at irregular intervals, for various periods of time, and at different 
degrees of intensity. Nearly all the observers were bable to confusion 
when the stimulus approached the limen an objective was very seldom 
subjectified, but a subjective frequently objectified. The number of 
erroneous judgments diffeied within fairly wide limits for the different 
subjects. One observer (the same who is mentioned above, § 27. 9) 
invariably cogmsed the objective as objective, and saw nothing else. 

3. It may be objected that there is here no proof of the occurrence 
of centrally excited sensations, but that the ‘subjective’ phenomena 
were due, perhaps, to the idio-retinal light dust. The objection is an- 
swered by the character of what was seen, the length of time allowed 
for the adaptation of the eye to the dark, and the fact (previously 
referred to) that the individual capacity of voluntary ideation of re- 
quired colour tones showed a quite parallel development to that of 
the capacity of discrimination in the present case. It is hardly pos- 
sible that the retinal light dust could have been confused with an 
objective illumination. One of the facts which the experiments brought 
out most strongly was the dependency of the cognition of the objective 
light upon the manner of its appearance and disappearance, its dura- 
tion and immobihty, etc. What is of most interest to us just now, 
however, is the extent of stimulation over which confusion is possible. 
The experiments showed that it is very small, embracing only stimuli 
in the near neighbourhood of the limen. The normal intensity of 
centrally excited visual sensations is, therefore, exceedmgly weak. It 
is true that the observer sometimes expressed the belief that he had 
seen a strong illumination; but as all the visible stimuli employed 
were very famt, and the surroundings entirely dark, the absolute in- 
tensity of the light seen cannot, probably, be put very high. At any 
rate it is noteworthy that no confusion was made when onc^ the sti- 
muli had passed somewhat beyond the limen: they were then invaria- 
bly declared to be objective. It must be admitted that the conditions 
were not favourable to an extension of the range of confusabihty. 
The stimuli used in the investigation were all of the same kind, and 
the part of the wall illuminated remained the same throughout. Under 
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these circumstances, even with the procedure without knowledge, spe- 
cial criteria of objectivity must have been easily discoverable And 
this hypothesis is borne out by the fact that as a rule errors were most 
frequently made in the first expeiimental senes, i <?., before any such 
criteua could be applied. For the same reason, the experiments do 
not add very much to our knowledge of the quality of centrally ex- 
cited sensations There is, however, no indication of any really novel 
and especial quality; and the judgment of subjectivity or objectivity 
was never based upon the fact of a peculiar qualitative difference 
between the two sets of sensations. So that in theory it is not im- 
possible to obtain stimuli which shall make an exactly similar impres- 
sion in consciousness to that of the memonal or fancy image. The 
principal distinction between perception and reproduction seemed to 
he in their spatial and temporal relations and properties. It is not 
easy to imitate the oscillation and migration, the shrinking and ex- 
panding of the subjective images, when they are the result not of a 
voluntarily directed recollection, but of the free and fortmtous play of 
imagination; and these pecuharities often secured their cognition. It 
not infrequently happened, again, that an impression was at first re- 
garded as ob]ective, but immediately afterwards declared to be sub- 
jective, for the simple reason that the curious changes which it under- 
went could not be ascribed, in the observer’s experience, to an objective 
cause. 

4. We may assert, without fear of contradiction, that the number 
of discnminable qualities of centrally excited sensations in general is 
less than that of the peripherally excited qualities. While we can 
distinguish the quahty of two tones, whose vibration rates differ by 
only half a vibration, it is impossible for us to imagine two tones 
of such slight difference in pitch. And it seems equally impossible 
to recollect the minimal differences of colour tone which we find just 
noticeable in the visible spectrum. In the sphere of brightness, the 
functions of the centre lag far behind those of the periphery in every 
respect. But apart from cases in which there is no qualitative repro- 
duction at all, we may assume that centrally excited sensations present 
the same qualities as peripherally excited, 2.^., that they contain no 
quahty which is not found among the latter At the same time, 
they cannot be regarded as simple revivals of peripherally excited 
contents, if only for the reason that their remaimng attributes are very 
rarely indeed identical with those of perception. The most striking 
evidence of disparity is, perhaps, afforded by intensity, at least, this 
would explain why it is that intensity is ordinaniy considered to be 
the distinguishing characteristic for the separation of perception from 
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memory It has often been remarked that an imagined tone does 
not sound, or a remembered pain bum, or a colour impression thought 
of illuminate And it has, presumably, been said also that the idea 
of an intensive noise is not the same as an mtensive idea of the 
noise. It IS only in special cases that centrally excited sensations can 
rise from their accustomed faintness to the vividness of sense per- 
ception. We then speak of them as ka/lua?iafions , and they enter 
into a disastrous competition with the real material of perception, 
completely transcending the boundary line which so usefully divides 
it from the material of imagination. The normal gradations of inten- 
sity of memorial images are very few. As regards their temporal and 
spatial determination, we again find large differences between the 
results of peripheral and cential excitation. Let the reader attempt to 
construct by recollection the image of a town, which a brief glance 
from a suitable distance can comprehend in all its spatial complexity. 
It is difficult to reproduce with any pictorial distinctness and adequacy 
even this or that part of the image ; and the part thus reproduced is 
but a minute fraction of the whole. And with the duration of the 
centrally excited idea it is even worse. If the perception was a 
matter of a few seconds, its reproduction may be possible, although 
it is difficult to hold a centrally excited sensation unchanged even for 
a few seconds. But any considerable duration is simply unreproduce- 
able. Succession, too, cannot be imagined as of more than a certain 
rapidity; whereas in some sense departments the rate of sequence of 
perceived impressions may be very much greater. 

5. It follows from these considerations that memorial and fancy 
images are as a rule sufficiently different from perceptions to be 
readily and certainly distinguished from them. Indeed, this difference 
is necessary, if recollection on the basis of reproduction is to be 
possible at all. It is of the greatest importance, biologically and 
practically, to know whether an impression has been already sensed, 
expenenced, or whether it is altogether novel. Only penpherally 
excited sensations have this property of novelty, and we are, m most 
cases, qmte sure as to its applicability. This difference of character, 
then, IS necessary, if a recollection is to be judged at once as 
recollection and an imagination as imagination. On the other hand, 
a definite recollection contains always an unequivocal reference to the 
experience which it recalls. Thus a photograph will remind us of a 
scene or a person, despite its unmistakeable differences from the 
original, because of the expression which it gives to individual and 
characteristic features. And a memorial image of an object or 
occurrence will recall that particular object or occurrence, because of 
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its unequivocal relation to it. The unequivocal reference of the 
photograph is due to its apparent identity in spatial arrangement and 
distribution of light and shade with the object which it represents, 
that of the memorial image to its essential agreement with the previous 
perception as regards quality and temporal and spatial disposition. 
Centrally excited sensations are thus seen to be merely convenient 
signs and symbols of perception, but not its only possible represen- 
tatives, and not a priori given m that character We must learn to 
utilise the relation of memorial images to peripherally excited sen- 
sations, j'ust as we learn to understand the relation of photograph to 
oiiginal The process is enormously facilitated by the likeness of the 
qualities of perception and memory, and by our habit of describing 
experience without reference to the special attributes and properties 
which differ considerably as between image of recollection and image 
of perception, i.e,, intensity, extension, and duration. 

6 But It is important to emphasise what has just been said, that 
reproduced sensations are by no means the only aids to recollection. 
Any fortuitous perception may excite the idea of a situation in which 
a similar impression had a part to play. Written and spoken words, 
seen and heard, symbolise experiences of the most varied kinds in 
charactenstic ways. Moreover, certain properties of peripherally 
excited sensations we have seen to be altogether impossible of repro- 
duction. such are the extension, intensity, and long duration of an 
impiession. As we are, nevertheless, able to recollect these facts 
with more or less of accuracy, there must be a number of special 
indications in addition to the reproduced sensations, eiiablmg us to 
cognise their existence in the original perception, And, indeed, 
there is no lack of signs from which we can infer duration, extension, 
and intensity. When, eg., we wish to reproduce the time occupied 
by a certain process, we are accustomed to estimate the number and 
duiation of the individual experiences contained within that time 
We follow precisely the same method, only reading space for tune, 
m forming an idea of a distance which we have previously seen. 
Very intensive impressions are usually sensed not only by way of the 
organ to which they are adequate, but by others as well. The 
common sensation which is thus originated may assist us in the 
ideation *of a brilliant light or a loud sound, etc. Movements are 
everywhere important (cf § 27. 10) It is perhaps not too much 
to say that a voluntary recollection never takes place without their 
assistance. When we think of intense cold, our body is thrown mto 
tremulous movement, as in shivering; when we imagine an extent of 
space, our eyes move as they would in surveying it; when we recall^ 
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a rhythm, we mark its rise and fall with hand or foot Most im- 
portant of all, however, are the movements of speech, which stand 
m unequivocal relations to the perceptions of eveiy sense department 
The prmcipal reason for our forgetfulness of most of the events of 
our early childhood is that they occurred before speech was fully 
developed, that they were not fixed in memory by unequivocal phrases 
Our recollection of an event often consists simply m its description 
in language And this helps us to understand how it is that a practised 
speaker owes comparatively little to the conscious guidance of repro- 
duced sensations, when developmg his views in the steady flow of his 
oration. 

7 It will now be seen why we have spoken in this Chapter of 
centrally excited sensations and not of memorial or fancy images 
Both of these expressions are, to say the least, liable to misunder- 
standing No mental process is intrinsically a recollection or an 
imagination; no special class of sensations has the exclusive privilege 
of subserving memory. A certain content becomes recollection by a 
judgment connected with it, and this judgment can be produced by 
extremely different causes Imagination, in the same way, is charac- 
terised not by the appearance of particular series of sensations or ideas, 
but by the realisation that the given ideas present something new, 
never before experienced in this form, but possibly to be perceived m 
the future. The actual psychology of recollection and imagination will, 
therefore, vary within wide limits; ue. both the conscious contents 
which serve as motives to recollection or which are realised to be 
fancies, and the specific j'udgments which attribute this significance 
to them can be entirely different. We also avoid the use of the term 
reproduction in this connection. In the first place, it fosters the incorrect 
opinion that centrally excited sensations are simple revivals of peripherally 
excited, — or, at least, implies this particular theory of their origination. 
But it also lays exclusive emphasis upon the qualitative similarity between 
centrally excited and peripherally caused sensations, and takes no account 
of their generic or specific differences. We may claim to have proved 
that, especially in the case of recollection, the differences are not less 
essential than the similarities. Moreover, it must not be forgotten that 
likeness of quality is only noticeable, apparent likeness, — that it is 
simply a relation of contents, m which they evoke the same judgment 
The judgment of likeness may be passed, when, as a matter of fact, 
the sensations judged are not like one another, and the range of this 
objective unlikeness will be greater, the more imfavourable are the 
general conditions of comparison. Now we know that the certainty 
of cognition of qualitative differences is proportional to the coincidence 
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of all the other attributes of the compared sensations. So that the 
great differences which we find in intensity, and in spatial and temporal 
character, must of themselves make it very doubtful that apparent 
lilceness is here even an approximation to actual likeness. But, for 
the process of recollection, it is merely apparent hkeness which is 
necessary And the numbeiless mistakes to which our recollection is 
liable are only too clear proofs of the diffeience between the asserted 
and real identity of the contents of perception and memory 

§ 29, Critique of the Doctrine of Association. 

1. Anstotle found the conditions of the repiodiiction of ideas in 
certain lelations, which he classified under the four heads of similanty, 
contrast, succession, and contiguity. In modem times the English 
psychologists, and especially Hume, have earned out the Anstotelian 
doctrine in detail, and applied it 111 various dii actions Thus the belief 
that association is the sole condition of leproduction has come to be 
one of the cardinal articles of the psychological creed. J S Mill 
declared that the law of association was co-oidmate with the law of 
gravitation, mling the psychical woild as gravitation governs the physi- 
cal Sometunes, it is tme, another view has cropped up : Herbart, 
m particular, speaks of a direct reproduction by way of spontaneous 
ideas. Haitley, too, developed a physiological theory of association, 
to which recent pathological observations and anatomical mvestigations 
have given a more definite form. Experimental psychology has hitherto 
concerned itself but little with the association question, though a few 
valuable contnbutions have been made to our knowledge of the intimate 
nature of the particular processes involved. Lastly, Wundt has distin- 
guished between associative and apperceptive connections. The former 
are the result of given relations between ideas, eg., their contiguity ' 
m space 01 immediate succession in time ; the latter require a com- 
parative and selective activity of the subject, i.e , the aid of appercep- 
tion Wundt also considers association in its technical sense of the 
condition ot reproduction to be only a special case of ideational 
connection in general And it is his merit to have denied the fun- 
damental value of the distinction drawn in psychology previously 
between perception and recollection, which we have ourselves disputed 
in the two foregoing sections. 

2. The law of association in its most general foim asserts that two 
ideas, a and h, under certam circumstances connect with one another 
in such a way that the appeaiance of the one of them, a, effects the 
reproduction of the other^ 27 10) Now it can be shown that 
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this is not the only possible formulation of the uniformity in question ; 
and, what is more, that its content does not command universal assent. 
Mill’s proud comparison with the law of -gravitation is, therefore, in 
somewhat sorry case. The law of gravitation can be stated simply and 
accurately in a mathematical foimula But (i) every psychologist of 
standing has his own laws of association. This fact alone would 
decide us to analyse and scrutinise narrowly the facts upon which the 
laws are based. Moreover, (2) the strict school of association lequires 
that every reproduction be brought about in the same way, z.e , that 
the only reason for the return of a reproduced sensation to conscious- 
ness be an association previously formed with another sensation. 
There are two experiences which appear irreconcilable with this 
requirement, {a) The first is one which we have just referred to • 
direct reproduction, or the spontaneous origination of ideas. It is 
not seldom that a complex of centrally excited sensations suddenly 
'occurs’ to us, without our being able to find any associative origin 
for it. The difficulty of this exception to the rule that association is 
the sole condition of reproduction is usually met by the assumption 
of unnoticed or unconscious connective terms. Special circumstances. 
It is said, combine to prevent the conscious appearance of any but 
the final link in the chain. Now it cannot be denied that resolution 
of direct into indirect reproduction is often confirmed by a subsequent 
analysis of expenence. But whether indirect repioduction is the only 
possible form remains an open question. And its answer will depend 
not upon particular observations, which are incapable of deciding it, but 
upon the theoretical ideas by which their explanation is attempted 
3. { 6 ) But there is another experience which speaks more decisively 
than the spontaneous ongination of ideas against the doctrines of the 
strict school of association psychologists It is the indisputable occurrence 
of indirect recognition without any precedent association of the reproduced 
and reproducing ideas — without any previous implication in an associative 
connection of the conscious processes concerned We do not come with 
vacant minds, helpless and heedless, to the reception of new impressions : 
the novel, like the familiar, sets up a movement in the tiain of our ideas, 
perhaps, more or less universal, perhaps, unequivocal and definite It 
makes no difference whether the qualities are simple or complex. But 
as it may be affirmed of the latter that at least their simple constituents, 
the truly excitatory or reproductory processes, have been already 
experienced, it is better for our purpose to establish the fact at issue 
first of all by reference to simple qualities and separate sensations. 
No one can say that he has seen every discnminable degree of brightness, 
that he knows every possible 'gray', and has set it in an especial 
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association. And yet, any quality of brightness which becomes the 
object of attention will at once excite a name, if nothing else, and 
quite possibly other individual ideas The same argument may ob- 
viously be extended to all sense departments in which the numbei 
of qualities is large, to smell and hearing. But the leasoning 
holds equally well of complex impressions which reproduce in their 
totality, and not by way of particular constituents already experienced 
and connected. A painting, a musical composition, a landscape, may 
be effective as a whole to produce centrally excited sensations; and 
it cannot be asserted that m every case certain individual factors of 
the total impression have formed the starting point of reproduction. 
The psychological explanation of a subsumption of concrete processes 
under a general concept is that the processes given in perception 
reproduce the name that represents the concept. But the subsumption 
by no means involves an association of all the given processes with 
the name in question. 

4. But we have not yet exhausted our supply of factual objections 
to this form of the doctrine of association So far we have spoken 
only of qualities as reproducing factors. But each of the other attnbutes 
of sensation may be effective in its own way for the production of 
central excitation. All degrees of the intensity, all gradations in the 
spatial and temporal character of an impression may give occasion 
to reproduction, and still belong only in part to the category of the 
experienced and associated Here again, then, is a refutation of the 
assertion that all indirect reproduction must be preceded by an association 
We are at least compelled to admit an indirect reproduction which 
is not a simple repetition of an earlier connection formed in perception 
and memory. But we can go farther. When we remember the results 
of the foregoing discussion, we shall not hesitate to affirm that a 
repetition of the latter kind can hardly take place at all Psychology 
cannot say absolutely, even of perceived impressions, that they remain 
the same in spite of changes in time and circumstance still less can 
It assert that the centrally excited sensation is an exact copy of the 
peripherally excited And the question of the relation between 
association and reproduction turns essentially upon cases in which the 
connection between two perception contents is given as the explanation 
of the fapt that the revival of the one of them arouses or excites the 
memorial image corresponding to the other If, then, we term the 
partial identity of memory image and peripherally excited sensation 
‘similarity’, we can only say, in strictness* a perception content a 
reproduces an idea p, which is similar to a ^ previously connected 
with it. 
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5. Again, the current distinction of the four laws of association 
contains an admission of the possibility of indirect reproduction with- 
out precedent connection of conscious contents Reproduction on the 
ground of temporal or spatial contiguity certainly presupposes that the 
ideas associated have been previously expenenced m that connection. 
But the recollection of an impression sunilar to or contrasting with 
the object of perception as certainly does not imply that the two 
contents thus related either have or have not been expenenced 
together in the past. The representatives of the strait doctrine of 
association which we are here opposing have, naturally, proceeded 
now and again to draw the logical conclusion that contiguity is the 
sole incentive to association, and that all apparent cases of lepioduction 
by similanty or contrast must really be referred to it. We cannot 
ouiselves admit the necessity of this reduction, as we have, in the 
course of the present discussion, found other reasons for believing in 
the possibility of a reproduction which is not dependent upon associa- 
tion. The only question for us, then, is whether the allegation of 
similarity and contrast as causes of an indirect reproduction not 
associatively effected, can be regarded as a correct and adequate 
description of the facts. The similaiity of two simple qualifies may 
consist (a) in the slightness of the difference that obtams between 
them. Thus two just discriminable shades of indigo blue in the 
spectrum may be termed similar colour tones, (^) Or similarity may be 
defined as partial identity Two colour tones of different saturation, 
extension, or duration, but of the same quality, would then be similar, 
(f) Or, lastly, similanty may be predicated of two qualities which 
stand in one and the same relation to a third. Thus red and green 
are similar, because both reproduce the word ‘colour’. It is easy 
to see that these definitions may cross in various ways, and, in certain 
cases, may contradict one another. We cannot, therefore, allow the 
term ‘similarity’ as the name of a law to pass unchallenged; it is far 
too ambiguous. And the same is tiue (it is not necessary to go into 
details) of ‘contrast’. Moreover, it is suggestive, that only the second 
of the three possible meanings of similarity can be at all precisely 
formulated; and that even here there is the danger of forgetting 
partial identity, and falling back again upon a vague sunilarity. Under 
these circumstances, anything can plainly be looked upon similar 
to anything else, and in particular a relation of contrast translated 
forthwith into a relation of similanty, 

6. It has accordingly been attempted to eliminate contrast altogethei, 
and to explain all cases of contrast association by the similarity which 
contrast implies. But then we have an equal nght to pi ess the extreme 
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instability and lelativity of ^sinnlarity’ still further, and to diaw the 
conclusion satisfactory to a mind dominated by the craving 

for unification) that there is only one incentive to reproduction— 
similarity. As a matter of fact, all the terms of a relation of temporal 
or spatial contigmty are similar On the other hand, if psychology 
and not logic is to furnish the criterion, the only road to a knowledge 
of the conditions of the appearance of centrally excited sensations, 
to a determination of the incentives to reproduction, lies through an 
analysis of the facts. We will not here anticipate the results of fins 
analysis, but will merely remark that experience undoubtedly demonstrates 
the effectiveness of associations based upon the contiguity of theii 
terms, whereas there is no clear proof at all of reproduction by 
similanty or contiast. (a) It will hardly be asserted that a tone, 
odour, or colour, which is but little different fiom another, will arouse 
that other in virtue of the slightness ot its difference. Or at least, it 
will not be found that this fact alone, apart from other incentives to 
reproduction, gives it any noticeable advantage for memory over sen- 
sations whose differences are more considerable (b) We pass to the 
partial identity of similar contents As referred to sensations, this 
can only mean that one attnbute is the same, while the rest are 
diffeient. But as refeired to sensation complexes it may also mean 
that certain constituents aie identical, or that ceitain relations (temporal, 
spatial or intensive) make the same impression in spite of absolute 
divergences. Now ^reproduction by similarity’ presents no difficulty 
in the case where an absolutely identical or at least apparently identical 
quahty is common to both sensations or sensation complexes. When 
the two ideas ah and ac^ which are 'similar’ in this sense of the word, 
reproduce each other, the process of recollection is plainly mediated 
by a substitution; i.e., the identical part a reproduces its former 
surroundings, which as it were step into the place of those given in 
the perception of the moment. But this is a reduction of reproduction 
by similarity to association by contiguity. It is worth while to 
emphasise the fact that the term 'substitution’ covers a real process, 
and is not a mere figment of theory The idea ab does not fimcton 
as a whole to reproduce ac; a is not duplicated, but remains unchanged, 
while €, which it excites, attaches itself to it Sensations, again, do 
not seeid to reproduce and be reproduced in this simple way. A 
green square does not as a matter of course call up a green triangle 
or a red square. On the other hand, the process is of very frequent 
occurrence among sensation complexes, the common constituents of 
which can imtiate reproduction in their own mdividual right. Thus 
some secondary mot^ m a piece of music heard for the first time 
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may remind the auditor of a familiar compositon in which it also 
occurs y or an odour which is now sensed in a particular connection may 
arouse the idea of a previous situation in which it played a part. 

7 Much more difficult of explanation is the other case of partial 
identity, that due, not to an absolutely identical factor, but only to 
a relative identity A favounte instance of reproduction by similarity 
is the suggestion of a person by his picture, or of an extensive and 
variegated landscape by a small monotone photogiaph. In these cases 
contour and light and shade make the same impression, but there is 
no really common constituent, — absolutely regaided, qualities are as 
different as forms Theie can, therefore, be no question of the occur- 
rence of a simple substitution, such as we have just descnbed. But 
in all such cases recollection takes place (in the author's experience) 
only if we already possess a knowledge of the significance of pic- 
ture and photograph We have to learn (cf § 28. 5) that a relation 
exists between them and the objects which they represent When 
that IS understood, the knowledge that what we have before us is 
simply a copy of an object will guide reproduction into the right 
path, As a general rule, the concrete name of the represented im- 
pression appears first of all in consciousness, and then follows, perhaps, 
its memorial image, with all the circumstances of the previous per- 
ception. But the portrait (in the author's observation) does not 
arouse the idea of its original directly, for the simple reason that 
the two contents cannot possibly subsist side by side, and that it 
suffices for recollection to think of the circumstances and name which 
attach to the onginal. There is no more a revival or duplication of 
perception here than there is in recognition (§ 27. 8). The similar 
does not recall the similar, but has the same effect as the similar, t\e,, 
reproduces the same words, ideas, etc. The problem which this instance 
presents is, therefore, the same as that offered by similarity (c) in its 
third meanmg Two impressions, we said, are similar, when they 
stand in the same relation to a tliird Here again, it cannot be 
asserted that similarity works as an incentive to reproduction, but only 
that similar contents can arouse the same ideas. We shall return to 
this point, which is of especial importance for the psychology of the 
concept, in the following Section (§ 30. 9, 10, ii. Cf. § 31. 2) 

8. We have been unable to discover any confirmatiofi of the 
^ hypothesis that similarity is a law of reproduction. In many cases 
its influence is not demonstrable in expenence at all, in others it may 
be reduced by caret ul analysis to a paiticular form of contiguity, to substi- 
tution, and to a peculiar psychological phenomenon which does not 
appear to have been described hitherto with any minuteness. It could 
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easily be shown that experience speaks with equal decision against 
reproduction by contrast. But we need not spend time in defence of 
this assertion, as the theory of reproduction by contrast is hardly 
taken seriously by modem psychology We have not attempted to 
answer the fundamental question how similar ideas come to have 
the piopcity of effectiveness for central excitaton, since we have not 
been concerned so far with theoretic explanation, but only with the 
ascertainment of the facts accessible to introspection But at the con- 
clusion of our inquiry, we can hardly avoid raising the general issue. 
Similanty and contrast aie capable of quantitative giadation At least, 
m its first and simplest meaning of a slight difference, similaiity may 
be regarded as of various degrees And the same is true by analogy 
of contrast, which would indicate a very high degree of difference 
Now if similarity and contiast are put forwaid as incentives to repro- 
duction, we should expect that their degrees would be leferred to as 
affording a quantitative determination of their repioducing power. It 
is curious that the literature of association (so far as the authoi can dis- 
cover) is silent upon this point it is nowhere stated, eg., that a 
greater similarity is more efileclive than a less. This is only another 
indication of the uselessness of the two concepts for the expression 
of a law of reproduction. On the other hand it must be admitted 
that the expenences upon which our analysis has been based are both 
incomplete and uncertain. The deficienaes of psychological investigation 
when unassisted by experiment are only too manifest throughout 
9. We have not, even yet, said all that there is to say in criticism 
of the doctrine of association, (i) For the word association is not al- 
ways employed in the sense in which we have used it It often signi- 
fies reproduction itself and not a condition of reproduction. The 
phrase , ‘ the idea a associates to the idea h * then simply means : ‘ a 
reproduces b ’ In this sense, the term has been made to cover eveiy 
form of connection of ideas or sensatons which occurs in conscious- 
ness. In principle, no objection to the usage can be made: it is 
only regrettable that more has not been done over the whole field of 
sensational connection For the connection of a penpherally excited 
sensation with a centrally excited is only one of a number of possible 
and actual connections That it has attracted such exclusive attention 
is due to €L purely material cause, the great interest that attaches to it 
as one of the most important factors in cognition and volition. (2) 
Association has often been interpreted as a causal link between ideas 
Herbart has employed it m this sense foi the construction of a real 
mechanics of ideas and then relations, their nse and fall It would 
be foreign to oui purpose to discuss this construction, wliich, largely 



196 DOCTRINE OF ELEMENTS: SENSATIONS. 

conceived as it was, is devoid of all practical significance, and has 
never been earned to its full completion. The metaphysical postulates 
which Herbart required in older to subject the course of ideation to 
mathematical treatment are not reconcilable with the lecent observations 
of nervous physiology and pathology, and must, therefore, be declared 
invalid. There can be no doubt at all that reproduction is influenced 
in quite definite ways from the physiological side But if the associ- 
ated ideas are dependent upon cerebral conditions, we need not 
assume a particular causal connection between the ideas themselves. 
The facts which seem to pomt towards its existence are much more 
simply explained by the causal interconnection of certain localised 
physiological piocesses. And this reference is especially valuable as enabling 
us to understand the vanations which experience, unaided by meta- 
physics, cannot but notice, and find adverse to the theory of the causal 
character of the supposed mental relations. (3) Lastly, the association 
psychology, as a lule, takes no account of the marked influence ex- 
erted upon reproduction by temporary mood, direction of the attention, 
etc , t.e.j by general and special conditions of a central nature. We shall 
endeavour in what follows to tabulate the conditions of centrally ex- 
cited sensations with some degree of completeness. 

§ 30 Incentives to Reproduction and Liability 
of Reproduction. 

I, Centrally excited sensations differ from peripherally excited 
in that the proximate condition of their origination is not the 
excitation of a sense organ, but a purely central process This distinc- 
tion implies that they, too, stand in a functional relation to physiolo- 
gical processes. We cannot give any more precise description of these 
than we could in the case of peripherally excited sensations- and we 
cannot, of course,— as m their case we could, — bring specific quality 
and the other sensation attributes into a relation of thorough-going 
dependency with particularities of sense organ or external stimulus. 
The central nervous processes which run parallel to sensation admit 
at present only of local defimtion We must, therefore, dispense m 
our investigation of centrally excited sensations with the valuable assist- 
ance which an exact variation of physical conditions rend^is to psy- 
chology in other connections. The results of expenments upon living 
an i mals might be appealed to: but (i) we cannot reason without 
hesitation firom the animals to man; and (2) the established facts are 
too few in number to have added much to oui stock of knowledge, 
and are inadequate to overcome the many difficulties of the problem. 

r 
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One conclusion, in particular, which has been drawn from physiological 
expenment, — that the ‘perception cells’ are different from the ‘memory 
cells’, i e , that the locality of the central process underlying peripherally 
excited sensation is different from the physical counterpart of centrally 
excited sensation, — is based upon a very insufficient analysis of recog- 
nition (§ 27. 8) The various pathological observations of disturbance 
of memory, mtelligence, etc., furnish a greater number of useful and 
rehable facts But for the most part, we have to depend upon the 
result of introspection, which is indicative of the conditions of repro- 
duction, at least in the frequent cases in which they are accompanied 
by conscious phenomena. 

2. The appearance of a centrally excited sensation is declared by 
introspection to be dependent (i) upon general conditions, eg^ upon 
attention, feehng, will. These conditions do not, as a rule, give rise to 
definite centrally excited sensations, but constitute a complex of causes 
adequate to determine their general character in consciousness Why 
this reproduction, and no other, takes place at a particular moment, 
cannot be explained either by attention or by the feelings as such 
(2) The second class of conditions of the appearance of centrally 
excited sensations is composed of other (peripherally or centrally 
excited) sensations. We term these special conditions, because they 
stand in an exclusive relation to defimte leproduchons They fall into 
two clearly distinguishable groups, which we may term incentives to 
reproduction and materials of reproduction. The former comprehends 
the sensations which give occasion to the formation of a reproduction, 
i.e.y covers practically the same ground as the current term ‘association.’ 
When a centrally excited sensation ^ appears m consequence of a peripheral 
sensation a is the incentive to the reproduction of j?. The relation 
which must be assumed to hold between a and ^ we will call liability 
of reproduction ; and it will be part of our problem to discover the 
circumstances upon which it is dependent. The second group of 
special conditions embraces the peripherally excited sensations, which 
(experience tells us) must have been produced for centrally excited 
sensations similar to them to be possible. We must have seen, if we 
are to be able to expenence visual memory images : there are no cen- 
trally excited visual sensations m congenital blindness These materials 
of reproduction are, therefore, always penpherally excited sensatxoas. 
The relation which obtains between them and the centrally excited 
sensations dependent upon them we will call the fidelity of reproduction ; 
and we shall have to inquire mto the circumstances which influence it. 
In the present Section we will deal, first of all, with the incentives to 
reproduction. 
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3. If we are seated m a daikened chamber and suddenly catch the 
scent of a rose, we shall be apt to think of the rose as an object of 
visual perception, 2.1? , the scent will call up the image of some rose 
previously seen There can be no doubt that this reprc duction could 
not have been effected without experience. We must at some time or 
other have had both contents in consciousness, the characteristic fra- 
grance and the visual idea of the flower But it does not necessarily 
follow that this definite flower was connected m our minds with this 
definite scent, nor is it necessary that the visual image arise at all. 
A judgment may be formed “there are roses m the room” ; or we may 
recall a situation m which the scent of roses particularly attracted oui 
attention, and so on Which of these different possibilities is realised 
does not depend upon the sensation of smell, where that exerts any 
influence at all upon the character of the reproduced ideas, it does 
so only within certain limits. If our sensible discrimination for scents is 
highly trained, the centrally excited visual sensation of a rose will be 
restricted to a definite variety of the flower; but even in this case the 
differences of form, of size, and of surroundings are so great that the 
reproduction cannot be said to be really definite and mdividual. So 
that, on the assumption that we have seen not only one but a whole 
number of rose blooms, that these perceptions occurred under different 
circumstances, and that we have sufficient knowledge to name them, 
there is a 'fairly large range of vanation for the conscious contents 
aroused by the olfactory sensation Conversely, perceived roses of very 
different colour, form, and size may excite the same olfactory image or 
olfactory judgment The same thing holds of every other sensible quality 
A tone does not necessarily recall definite tones or definite auditory 
perceptions, nor a colour definite objects. The individual quality of 
a centrally excited sensation is, therefore, by no means always guaian- 
teed by the quality of the sensation which excites it. The character 
of the reproduced idea has a range of variation proportional to the 
experience of the subject. 

4. Sensations obtain an individual significance only when they 

enter mto connection with one another or cpmbme to form ideas 
But not every connection possesses an equally high degree of indivi- 
duahty Thus the common chord of C-major, c — e — is but little 

capable of arousing an idea of entirely defimte character' The ca- 
pacity is most strongly developed in cases where the sensations have 
a temporal or spatial arrangement A very bnef musical moHf, 
may give occasion to the unhesitatmg reproduction of a senes of tonal 
ideas, and the idea of a human figure recall a defimte situation of 
which It was part. We shall probably not go far wrong in regarding 
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this individual significance of spatial juxtaposition and temporal suc- 
cession as the pnncipal reason for the exceptional importance attached 
to them in the traditional doctiine of association and leproduction 
(§ ^7 3)* case, we certamly do often discover an entirely 

individual dependency of idea upon idea, and can clearly trace the 
influence of previous experience upon later reproduction. Moreover, 
it IS charactenstic of spatial and temporal colhgation that its separate 
constituents have their independence and peculianties emphasised, t e , 
the distmctness of their apprehension essentially furthered, by com- 
bination (cf § 3 4, and § 425 And lastly, it is possible to perceive 
and to retain any considerable complex of sensations as a distinctive 
whole, only when its components are contiguous in space or time' 
Such a whole may be termed an ‘intuition’, and we can understand 
why it is that space and time are then designated the ‘forms of 
intuition’, under which our sensible knowledge is comprised. BuJ 
It cannot be asserted that temporal and spatial colligations are 
the only connections which condition reproduction. They occupy 
an exceptional position m the series of possible connections, simply 
because they present particularly favourable circumstances Any con- 
junction of sensations in consciousness can, however, function as an 
empnical condition of leproduction. Thus our own instance of the 
leproduction of a visual idea by an olfactory sensation is a connection 
of psychical states which need not have originated by way either of 
spatial or temporal colligation. 

5. This brings us to our first general result. Sensations, which 
have at some time been together in consciousness, establish a liahthiy of 
reproduction, so that when one of them is re-excited, a sensation like 
the other (cf. § 29, 4) ordinarily arises. This ‘being together’ in 
consciousness, however, requires further explanation. It is not abso- 
lutely necessary that it be conscious, i.e , that the connection be itself 
perceived; but the more nearly the sensations present in conscious- 
ness approach to a unitarily perceived total impression, the greater 
IS the liability of reproduction. This explains the fact that compar- 
atively few of the large number of sensations simultaneously present 
possess or acquire a noticeable liabihty of reproduction Here agam, 
spatial and temporal colligation has a distinct advantage, m that the 
character of its total impression facilitates the comprehension of its 
contents. And this is of itself sufficient to prove that liability of re- 
production can present very different degrees. We have found here 
(i) that its intensity depends upon the naime of the conpmciion or con- 
nection of sensations in consciousness, as making for or against a uni- 
tary appiehension and judgment This unitary apprehension, however, 



200 


DOCTRINE OF ELEMENTS SENSATIONS. 


IS furthered by a number of circumstances besides (a) spatial and 
temporal colligation Thus, (^) the distance of the impressions from 
each other m space and time is of very great importance. The great- 
est liability of reproduction is correlated with a direct contiguity or 
succession This law has been experimentally established by Ebbmg- 
haus, in his excellent mvestigation into the laws of memory for non- 
sense syllables {c) The fact that impressions belong to the same 
or to different sense departments naturally influences their compre- 
hensibility Other things equal, the connection of homogeneous im- 
pressions means a greater liabihty of reproduction than that of 
disparate, {d) The nature of the surroundings is to be mentioned. 
The more it diflers flora the group of contents, the easier will be 
their unification, and the greater the liabihty of reproduction which 
it sets up. {e) The character of the temporal succession of connected 
sensations has an effect upon their liabihty of reproducton. It is a 
familiar experience, to which Ebbinghaus’ experiments have given a 
quantitative definition, that impressions which were received m a 
particular order of succession can be reproduced very much more easily 
in this than in the opposite order. (/) The existence of a name 
for the whole complex, or its independent reproductivity, is naturally 
of great importance for the interconnection of the separate constitu- 
ents and their mutual effectiveness for central excitation. It is this 
which, m part at least, gives a special significance to the /^m^-idea, 
the idea of an object. Despite the complexity of qualities psycholo- 
gically contained in it, its liability of independent reproduction ren- 
ders the tuiion and cohesion of these elements very close. (^) And 
lastly, mdividual differences of 'memory type’ {types audtttf^ visuel, etc.) 
are of considerable importance (cf. §§ 69. 2; 71.7). 

6. (2) The degree of liability of reproduction inherent in a connec- 

tion of sensations is further dependent upon the attributes of the sensations 
themselves, {d) The more individual the quality of the connected con- 
tents, the stronger is the liabihty of reproduction of each by the others. 
The simple sensation, which (as we saw just now) can occur in the most 
various connections, does not as a rule possess any considerable 
effectiveness for central excitation. But more complicated processes, 
ideas, axe often quite mdividual in character, and endowed with a 
correspondingly high degree of liability of reproduction. A distinction 
has been drawn, in experimental investigations of the rapidity of 
reproduction, between free and constrained associations, the difference 
being in essential that of the degree of definiteness of the connection. 
Taking the rapidity of association in this sense as the criterion of 
liability of reproduction, we find that unequivocally definite, wholly 
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individual reproductions are effected most quickly, while ambiguously 
defined reproductions, which have a limited range of variation, require 
a longer time, and free reproductions are the slowest of all The 
hmit of variation is set for a particular expenment by a previous 
statement of the kind of reproduction required. Thus a visual impression 
of colour can be made individually excitatory by the condition that 
the observer names or reproduces in imagination the colour which 
lies to the left hand side of it in the spectrum. This arbitrary 
limitation of effectiveness for central excitation is also useful as throwmg 
light upon the fortuitous definiteness of a reproduction. That a given 
sensation actually arouses one single conscious content, out of the 
many possible, is not due to anything in the sensation itself. The 
principal reason for the determmateness of the reproduction is that 
all the other processes present in consciousness combine to further the 
excitation of the content in question. The result is, therefore, always 
individual, even though the special incentives to it are neither obvious 
at the time nor discoverable by subsequent analysis. The degree of 
liability of reproduction m these apparently free, but really constrained 
associations is, however, not so high as in the typically constrained form, 
because the intensity of the secondary influences m their fortuitous 
co-operation is apt to be far less than that of a condition expressly 
imposed, and because the influences themselves may cut across one 
another, tend to divert reproduction mto different channels. 

7. {b) The degree of effectiveness for central excitation is depend- 
ent, again, upon the tniensity of the reproducing sensations. Not only 
do the more intensive members of a sensational connection acquire a 
greater liability of reproduction, but the intensity and distinctness of 
the reproduced sensation are dependent upon the intensity and dis- 
tinctness of the reproducing. We do not readily forget the time and 
place at which we were ‘so bitterly cold’ or ‘in such intense pam’. 
The authority of many teachers over their scholars is mainly due to 
the mtensity of the sound waves issmng from their vocal oigans In 
psychophysical expenments we find that the promptness and certamty 
of judgment increase with increase of the magnitude of stimulus 
difference or of the clearness of stimulus quahty, etc. Here, too, 
belongs the fact that centrally excited sensations as a class are less 
liable to 'reproduction by one another than peripherally excited sensa- 
tions, and that the peripheral sensations have a much more prepon- 
derent influence upon consciousness. A strikmg instance of the latter 
statement is affbided by ‘Strumpell’s case’. The patient showed a 
complete anaesthesia of skin and internal organs, and his remaining 
senses were so seriously deficient that the entrance of external stunuii 
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into consciousness could easily be prevented. If under these circum- 
stances he was debarred from makmg any extensive movements (although 
these agam did not evoke sensations), he inevitably fell asleep after a 
few mmutes. Since Stmmpell observed and described this case, many 
similar experiments have been made on other persons with the same 
result It is noteworthy that Strumpell’s patient came m time to object 
to the expenment, because, as he said, there was ^nothing left of him 
We could not have a more convmcmg illustration of the importance 
of peripherally excited sensations for ideation. — Evidence of the correct- 
ness of the general statement at the head of this paragraph is fur- 
nished in abundance by our everyday experience, so that we need 
not spend time in substantiating it here. 

8 . {c) The temporal and spatial character of sensations affects their 

liability of reproduction in the same way as intensity. We have found 
it to hold elsewhere, within ceitam limits, that the extension, duration 
and frequency of a stimulus are psychological equivalents of its 
mtensity (cf., e,g ^ § 17. 2; § 18. 7; § 19. 7). Duration and frequency 
are of especial importance in the present reference. The longer a 
connection of sensations is continued in consciousness, the greater will 
be the liability of reproduction of its terms. And the frequency vnth 
which a connection is repeated has a precisely similar effect. We 
stand for a long frme looking at a famous picture, because we wish to 
be able to recall it in aU possible distinctness of detail ; and we fix 
a poem in memory by beaming’ it, te.^ by reading and repeating it 
over and over again. This influence of duration and frequency 
manifests itself in two ways, like that of intensity. Not only do the 
more permanent and more frequent members of a sensational connection 
acquire a greater liability of reproduction, but the effectiveness of an 
impression for central excitation is proportional to the length of its 
stay in consciousness and the frequency of its presentation to percep- 
tion. It is true that ideation gradually becomes exempt from modifi- 
cation by events of everyday occurrence, which sink to unconsciousness 
or (in physiological language) affect only the lower centres. But it 
is precisely when they have become automatic or reflex-like that the 
effectiveness of these persistent peripheral stimuh for central excitation 
is most certain and reliable. — The influence of frequency upon liability 
of reproduction in the first sense of the term has received quantitative 
expiession m experiments by Ebbinghaus. A series of 7 nonsense 
syllables could be repeated without a mistake after a single attentive 
perusal; a series of 12 had to be read over some 17 times. The 
number of readings necessary for accurate repetition increased at first 

1 ‘‘Dann bin ich ja nicht mehr da.” 
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quickly, and afterwaids more slowly, with increase of the number oi 
syllables compiised m a series. The experiments show, further, that 
the lefigth of a senes is inversely proportional to the degree of Labi- 
lity of reproduction of any one term by the next following. It is 
interesting to note that, when the senes of syllables ‘makes sensed the 
number of readings necessary for learning it by heait is reduced about 
tenfold Apart from the influence of rhyme and rhythm (the words 
learned were six stanzas of Byron’s Z>on Juan)^ the increased liability 
of repioduction under these circumstances is mainly due to the defi- 
niteness of the interconnection of the separate terms of the series 

9, We have now surveyed, with appioximate completeness, the 
whole domain of emptncally incited reproductions, i.e,, of what are 
usually termed simultaneous and successive associations. It may not 
be amiss here to lepeat our previous statement that neither the repro- 
ducing nor the reproduced sensation need be identical with its empirical 
conditions,— that all that is required for its relation to previous sen- 
sations is a similaiity, in the sense of partial identity or of slight differ- 
ence. If we denote this similarity, as before, by the correlation of Latin 
and Greek letters, we can say, therefore, that a connection of the 
sensations a and ^ may be the incentive to the reproduction of b by 
a and of a by b, to that of by ^ and cc by h, or to that of § by 
a and £k: by ^ No accurate determination has been made of the 
influence of the degree of similaiity upon liability of leproduction. It is 
baldly necessary to enter a speaal caution against the confusion of 
this use of similaiity with the meaning which it has in the phrase 
‘association by similaiity’ (§ 29, 7). 

The second class of reproductions, besides the empirical, includes 
what we may call free reproductions We have already given some 
account of them (§ 29. 2, 3) They consist (i) of spontaneous ideas, 
the reality of which is vouched for by introspection, and can scarcely 
be disputed; and (2) of centrally excited sensations which can be 
shown never to have been together in consciousness with the process 
that excites them, and which are not either similar to any process 
which has been connected in the past with the reproducing sensa- 
tion. (i) The special conditions of spontaneous ideas have not been 
investigated, even where they might seem to be accessible to introspec- 
tion Indeed, it would probably be difficult to subject them in any way to 
systematic expenmentahon, since they owe their very existence to acci- 
dent, and introspection can hardly be adequate to define their peculiarities. 
On the other hand, oui consideration of the materials of reproduction of 
cent! ally excited sensations will bring to light a number of more general 
conditions vahd for spontaneous ideas, as for all other similar processes. 
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lo {2) The second group of free reproductions embraces all those 
cases in which a new quality or a new complex of qualities is effect- 
ive for cential excitation Our investigation of them is greatly^ simpli- 
fied by the fact that we may assume the possibility of their inclusion 
under the general schema to which we have referred the empirically 
conditioned reproductions When we were formulating this, we found 
that not only sensations identical with those which had formerly been 
in consciousness, but also sensations which were similar to previous 
sensations, were capable of reproducing one another No other 
postulate is needed for free repi eductions, as we have defined them. 
They, too, aie shown by experience to be excited simply by sensations 
similar to others which have been at some time connected with them 
No impression is absolutely strange to consciousness; every new 
impression, that is, will be somehow similar to one or more past 
experiences. To give expbcitness to this aspect of free reproductions 
in our schema, we will use indices to denote similarity to the pro*' 
cesses symbolised by our original letters Let <2^, a 3, be pen-* 
pherally excited sensations, similar to a previously experienced sensa- 
tion a, and 3 -^, sensations related to an earlier sensation 

and let a and p be the centrally excited sensations similar to a and 
b. Then (J can be excited not only by a 01 a (empirically incited 
reproduction), but also by (free reproduction); and cc in 

the same way, not only by b and | 5 , but also hy b^, b^, b^. All that we 
have said of the influence of the attnbutes of sensation upon liability 
of repioduction will now hold, with slight modifications which need 
not here be particularised, of these cases of free reproduction. Since 
centrally excited sensations show a less degree of qualitative differentia- 
tion than peripherally excited (§ 28. 4), it is not surprising that the same 
K or p can be reproduced by a whole number of discriminable peripheral 
impressions. Moreover, it is not impossible that a be transformed into 
a 2, 0:3 ; and it can then happen that the same b reproduces different cc 
This is the more likely, as the total surroundings of a centrally excited 
sensation may exert an influence upon its character (§ 30 5). 

II. The degree of similarity which must or may be assumed for 
the occurrence of a free reproduction cannot at present be estimated. 
But it seems indubitable that a certain similarity must exist between 
the effectual incentive to a free reproduction and other previous expe- 
riences, related to the centrally excitable processes in question by somei 
liability of empirical reproduction, Foi when once this similarity 
sinks below a certain (not definable) lower limit, what may seem to be 
the occasion of the appearance of definite reproductions proves not 
to be their actual incentive. Instances are sufliciently common. 



§ MATERIALS AND FIDELITY OF REPRODUCTION 20s 


I requested an observer to look into a spectioscope, with the remark that he 
would see violet, when, as a matter of fact, only yellowish green was visible. He 
at once 'stated that he saw bluish green, but immediately corrected himself, and 
declared that it was yellowish green. The incentive to reproduction m the judg- 
ment * bluish green’ was certainly not exclusively the yellowish green actually seen: 
the difference between the two colour tones is too considerable for the same 
specific name to be reproduced by them The judgment, then, was plainly due in 
part to the precedent suggestion of ‘violet’. 

This distortion of recorded judgment in consequence of subjective 
prepossession or other circumstances, is not infrequently noticeable 
in psychophysical experiments, and constitutes another reason for the 
employment of trained and careful observers (§ 2). Many illustra- 
tions are affoided, also, by the phenomena of the recollection of com- 
plex processes. It is, of course, doubtful how far the j'udgment of 
the observing individual may be regarded as an adequate criterion of 
the effectiveness or significance of a sensation as an incentive to 
reproduction. Certain cases of 'spontaneous' ideation may, perhaps, 
be referred to empincally incited or free reproductions, the really 
excitatory sensations or ideas having escaped cognition or recognition 
as mcentives to reproduction. We have seen that recognition is by 
no means always reliable (cf. § 27 7) so that the hypothesis is not 
altogether improbable 

§ 31. Materials of Reproduction and Fidelity 
of Reproduction 

I. The matenals of reproduction constitute the factual basis of 
the dogmatic belief which we referred to above (§27 i), that the 
memonal attribute, reproductivity, always miplies a repetition or revival 
of a previous perception. Experience seems to justify the inference 
that there would be no centrally excited sensations, if there were 
none peripherally excited. But the process of reproduction is nothmg 
so simple as a mere renewal of a piecedent excitation. We have 
seen (§28. 5 ff.) that recollection, for which this hypothesis was 
thought to be necessary, is exphcable without it. And there is at 
present no proof that it accords with the facts (§ 27); while there 
are ve^ definite indications that centrally excited sensations are not 
immutable weaker copies of earlier peripheral sensations (l) First 
and foremost of these is the familiar phenomenon of forgetfulness 
We 'forget’, when we are incapable of recollecting an experience. 
This incapacity need not depend upon an abrogation of ‘memorial 
images’: recollection is an ambiguous term (§ 27 9) For us, how- 
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ever, it is interesting only when really based upon an alteration of 
the centrally excited sensations themselves, 

2 There can be no doubt that complex impressions undergo 
alteration of this kind Psychologists have often described the breaking 
down of ideas, their fading away, their passage into vague and bluned 
contents. These terms certainly do not express a meie weakening 
of the same impression* they denote a concomitant, more or less 
radical change of its quality. But simple qualities also lose their 
individuality, in this process of forgetting, fine shades of difference 
become incognisable, and fusion with other qualities takes place. 
There results what we may call an abstract idea — however dubious 
the term may seem after Berkeley’s trenchant criticism. It would, of 
course, be wrong to assert the possibility of an abstract idea which 
had absolutely no specific chaiacters, no quahty, no form, etc. But 
there undoubtedly are abstract ideas in the sense of centrally excited 
contents which can call up a large ntunber of peripheially excited 
sensations, i.e , which lack the definiteness and distinctness chaiactenstic 
of these latter. They have peripheral analogues, which can be pro- 
duced quite easily under suitable experimental conditions. If a colom 
stimulus, e,g, is allowed to act upon the eye for a brief instant of 
time, what is seen is no more than ‘a flash of hght’, which it is wholly 
impossible to define further; if the duration of the stimulus is some- 
what increased, it is cognised as a colour tone, and not meiely as 
brightness, but its quahty may be quite widely mistaken, i,e , it may 
be veiy differently interpreted This want of individual clearness is 
found m all centrally excited sensations which fall a prey to the 
change involved in forgetting, indeed, in a certain measure, it is one 
of tlieii legular attributes m the normal consciousness And it is this 
which we mean when we speak of an ‘abstract’ idea. The impoitance 
of the process for the formation of concepts is obvious (cf. § 29, 7). 

3. (2) There is another fact to mention, besides that of forgetfulness, 
in evidence of the independent variability of centially excited sensations 
It is, the manifold influence exerted upon them by other conscious 
contents. Here again, complex impressions show the cleaiest traces 
of central modification. New combinations are constantly being formed 
among reproduced processes connections are severed, and sepaiate 
ideas connected, elements are exchanged, and fonns rera5deUedv 
The pranks of the dream imagination furnish a sufficiency of strikmg 
instances. But simple qualities do not either remain unaltered by 
their new connections; they adapt themselves more ox less to their 
changed significance; and the result may be, that a sensation of really 
peripheral origm, which at first imprinted a cleai image upon our mmd^ 
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is believed to have never formed part of our previous experience. It 
is obviously difficult to bring examples; but careful introspection will 
hardly fail to reveal cases of the kind. They cast no doubt, however, 
upon the general dependency of centrally excited on precedent peri- 
pherally excited sensations. The congenitally colour blind have no 
idea of the colours which they do not see, and the deaf-mute who 
has never spoken or heard has no "images’ of speech or hearing. 
The converse fact, that the child who is accidentally blinded in the 
first years of its life retains certain visual ideas through manhood and 
old age shows for how long a time the after-effects of peripheral 
excitations may be reproduced with some degree of fidelity. In what 
follows, then, we shall attempt to enumerate the conditions of this 
fidelity of the memonal image, meaning by ‘greater’ or ‘less’ fidelity its 
greater or less similarity to the peripherally excited sensation upon 
which it appears to be directly dependent. Connected with this is, 
probably, the greater or less facility of the particular reproduction, or 
(to use another phraseology) the degree of our preparedness or disposi- 
tion for certain ideas 

4 (a) The first of these conditions is the quality of the peripherally 

excited sensations. The more widely a peripherally excited sensation 
differs from sensations already experienced, the more nearly will its 
reproduction resemble it This proposition is plamly analogous to 
that which we formulated above (§ 30. 6) with reference to the degree 
of liability of repioduction We there found that individuality of 
character of the sensational connection a slight degree of liability 
of confusion with other connections) canied with it a comparatively 
high degree of hability of reproduction. Here, in the same way, the 
distinctness of a quality, its sufficient difference from other qualities, 
implies that the centrally excited sensation which it originates has 
but slight tendency to vary from it. A ‘striking’ impression leaves a 
true image of itself in memory. Connected with this is the fact that 
qualities of the same sense run but little risk of serious alteration, if 
they differ considerably among themselves pressure and temperature, 
e,g., or the specific qualities of taste, or sensations of brightness and 
saturated colours. Where, on the other hand, the qualities are closely 
related, passing into one another by gradual transition (green and 
greenish blue, or tunes of nearly similar pitch), the centrally excited 
sensations possess but little fidelity or permanence, (b) Intensity has 
an effect upon these attributes. The more intensive a peripherally 
excited sensation, the greater is the fidelity of the coresponding cen- 
trally excited sensation. It is an everyday expenence that, other things 
equal, memory is more retentive of intensive than of weak impressions. 
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whatever their character, (c) The temporal and spatial character of 
the peripherally excited sensation exerts a similar influence. Wide 
extension or peculiar form increases the reproductivity of a quality. 
The effect of duration and frequency upon fidelity of recollection is 
well known. Every lesson that we learn shows the importance of repe- 
tition for the retention of a memorial image. And apart from the 
intensification of the hability of reproduction which occurs in beaming 
an impression will 'fix itself’ better in the mind, when its imprmt is 
the result of repetition In practice it is, naturally, difficult to separate 
the two processes. Ebbmghaus found by experiment that the capacity 
to reproduce a series of attentively read nonsense syllables increased, 
within certain limits, in approximate proportion to the number of 
repetitions. 

5. No other systematic expenments than these of Ebbinghaus 
have been made upon the dependency of fidelity of reproduction on 
the character of the peripherally excited sensations which reproduction 
presupposes. We have valuable researches upon lecogmtion and various 
functions of memory ; but they all deal with somethmg quite different 
from the laws and processes whose outlines we have sketched m the 
present discussion. Thus, the experiments of A. Lehmann upon direct 
and indirect recognition tell us something of the permanence and 
degree of liabihty of reproduction in diffeient cases. It was found, 
e that those brightnesses were best cogmsed which possess definite 
names (light gray, dark gray, etc.), that only 7 p.c of a large number 
of judgments of 62 different scents showed a direct recogmtion m its 
pure form, etc. But to assume that in all cases, where a sensation 
a of penpheral origin is to be judged as like or unlike a pieviously 
experienced sensation hj a is compared with tlie memorial image of 
b (in our terminology, ( 3 ), and the relative certainty and correctness 
of the judgment depend upon the fidelity with which ^ reproduces 
is to set up a hypothesis which, so far as we have been able to 
find, does not really express the facts. The judgment ‘like’ or 
‘different’ is generally passed quite as directly as the judgment 
‘known’ in (techmcally) direct recognition. In neither case is a com- 
parison instituted with a centrally excited sensation,— the quality of 
which, moreover, in the sphere of brightness sensation, is usually 
very different indeed from the quality of the peripheral ''excitation. 
If we reserve the term ‘indirect’ for comparison mediated by repro- 
duction, or involving any other conscious application of empirical 
criteria, this particular form of recognition must be referred in most 
cases To a direct comparison. Direct comparison occurs, again, in 
expenments upon sensible discrimination for successive stimuh, which 
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has also been wrongly intei preted to consist in the compaiison of the 
present impression with the memorial image (all that is left) of the 
preceding This view explains the time error of the experiments 
(cf. § 6. 9) as due to the natural weakness of the memorial image in 
comparison with the vividness of the sensible impression. But if the 
explanation held, the error must be least with weak and greatest 
with strong stimuli, and always take the same diiection The facts 
are otherwise It is only with weak stimuli that the time error has 
the significance which the theory ascribes to it, i,e., that the second 
impression appears the stronger; it then decreases, and with very 
strong stimuli changes its diiection entirely, so that the second stimulus 
actually appears the weaker. It follows, theiefore, that there is no 
mediation of a compaiison by the memory image, but that judgment 
is passed immediately after the perception of the second stimulus, 
just as in direct recognition. 

6. It seems, theiefore, that neither Lehmann's experiments upon 
recognition nor those of Wolfe (earned out by quite similar methods) 
upon tonal memory can tell us anything of the fidelity of centially 
excited sensations. The judgments are passed altogethei independently 
of them. We have rather to explain direct comparison and direct 
recogmticn somewhat as follows (1) In many cases, the direct form 
IS a denvative of the indirect The transformation is due to the 
woikmg of a law of exdmwii of intermediate terms, which plays a 
large part in the determination of ideational connection in general. 
It may be formulated in this way . when a simultaneous or successive 
connection of three contents, 3 , and c, has established a liability 
of reproduction between a and c gradually comes to be excited 
directly by <2, without the intermediation of h. This 'short cut’ 
through experience is of immense importance both theoretically and 
practically for the rapid advance of knowledge And we have an 
instance of it in the passage of indirect recognition and comparison 
into the duect forms. (2) ‘Like’ and ‘different’, ‘known’ and ‘im- 
known’ are all concepts of relation. They can never be piedicated 
of a content as such, but only of it as related to other contents. 
As, however, no other contents play a conscious part in direct com- 
parison and recognition, we must imagine that equivalent physiological 
Drocesses] not at present definable, combine with the perceived 
impression to reproduce the judgments. In other words, we have 
always to presuppose the co-operation of a cential excitation, which 
may either be already present when the stimulus of comparison is 
given (as in anticipated and purposive recognition or comparison), 
or is excited by it (as \xi unanticipated recognition and comparison). 
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This central excitation need not be a residuum of the sensation caused 
by the standard stimulus or object of refeience, it may be the equi- 
valent of other contents subsemng comparison and recognition. It 
will, therefore, hardly be disputed that experiments involving an inten- 
tional companson of a given impression with an impression previously 
expenenced can tell us nothing of the fidelity of memorial images 
but for the most part simply indicate the liability of reproduction exist- 
ing between sensation and central excitation (the after-effect of the 
previous impression or of any other indirect criterion) on the one 
hand, and a particular judgment on the other. 

7. On the other hand, these experiments, as well as certain senes 
taken by Ebbmghaus in the course of his investigations of memory, 
may be appealed to for infoimation upon another point, — the influence 
of /tme (i.e.f of the time interval) upon the liability of reproduction 
We know from expeiience, that the longer the time which has elapsed 
since a particular event, the more uncertain and incorrect is our recol- 
lection of It. It is with this law and its exact formulation that ex- 
periments upon recognition, memory, etc., are principally concerned. 
If we term the weakening of recollection ‘forgetfulness’, and measure 
forgetfulness either by the work necessary for the complete restitution 
of the recollection, or by the number of correct judgments formed m 
the piocess of determinate recognition or direct comparison, we may 
say in general that foigetfulness mci eases at first quickly and then 
more slowly Ebbinghaus and Wolfe discovered a logarithmic relation 
foi it, which is stated by the former as follows * the quotients of reten^- 
tion and forgetfulness (of the time saved in and required for relearn- 
ing) are inversely proportional to the logarithms of the times passed 
since the first learning ^ This agreement in experimental results shows 
clearly, as against the various opinions of philosophical psychology, 
that foigetfulness really exists, and that its existence cannot be invali- 
dated by the allegation (supported merely by an indefinite ‘experience’) 
that what seems to be forgotten only needs the right occasion to 
reappear with entire fidelity. But nothing can be inferred from the 
experiments as to an obscuiation and weakening of memorial images, 
or a crumbling of their connections, for the simple reason that these 
‘images’ are neither the materials of judgment in direct comparison 
nor the necessary incentives to motor activity in subsequent repetition. 
Here again, we must rather emphasise the variety of the processes actually 
involved, as we did before in the case of recollection (§ 28. 7) 

^ (Jog ^ — Behaltene^ (retained), v := Vat^gssenes (forgotten), i time- 

interval, and k and c are constant# 
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I 32. The General Conditions of Centrally Excited 
Sensations. 

I. (i) The most important of the general conditions of repioduction 
IS, undoubtedly, the state of attentio 7 i Unfortunately, its significance 
for special acts of recollection, reproduction, etc , has not been tho- 
roughly made out We do not know, in particular, how far what is 
ordinaiily called ' association’, and what we ouigelves have somewhat 
inconsistently termed 1 eproduction, can be brought about without the 
co-operation of attention. We find, however, that its action is two- 
fold it rendeis the incentives to 1 eproduction moie effectual, and 
gives the materials of reproduction a greater consequence In other 
words, it enhances the a^sociahility and reproduciwiiy of sensations 
Instances of this influence are sufficiently common * all the mles which 
we have laid down for the special conditioning of centrally excited 
sensations are based upon the implicit assumption that the piocesses 
which they cover are experienced in the state of attention (cf. § 5. 2, 3) 
Hence it is impossible, at present, to say with any degiee of cer- 
tainty, how associabihty and repioducliviiy would be afiected if w^e 
abstracted from the influence of attention. That it is not the only 
condition operative is indicated by two sets of facts* {d) the familial 
experience of ‘not catching’ a question, and then lecoliectmg and 
being able to answer it after some interval of time, or of ‘overlook- 
ing’ a constituent of the field of vision, and yet reproducing it with 
more or less fidelity; and (b) the impossibility of the reduction of all 
the different effects of the special conditions of centrally excited sen- 
sations to their effects for attention alone. In any case, howevei, it 
IS desirable to collect obseivations, and if possible make special expe- 
nments upon a point of such importance for the theory of centially 
excited sensations. It is certain that the influence of attention can 
hardly be exaggeiated. Everyone knows how little the inattentive 
repetition of a lesson does for its retention. Fechner observed that 
the memorial after-image^ as he called the voluntaiy reproduction of a 
recently perceived impression, appeared only if the object of perception 
had also been the object of attention, and contained only those con- 
stituents of the perception on which the attention had been particu- 
larly directed In psychological experiments upon association, again, 
it is often remarked that the associabihty of two visual objects which 
are perceptible together for a short time is essentially dependent upon 
the degree of attention with which the connection of the impressions 
was regarded. We cannot here enter into the special factors comprised 



212 


DOCTRINE OF ELEMENTS: SENSATIONS, 


under the general name of attention we shall treat of them in the 
third Part of the book (§§ 72 ff) 

2. (2) Besides attention, practice and fatigue have a general influ- 
ence upon associability and reproductivity. We discriminated above 
between general and special piactice and fatigue (§ 5 9), and can 
apply the distinction again m the present connection. The facts which 
belong under this rubric are those of the ‘tiained,’ ‘overstocked,' 
‘worn out,’ etc, memory. The more general piactice we have had m 
learning by heart, the easier is our retention of a particular lesson ; but 
diffeient qualities and different arrangements require a fuither and more 
special practice The vaiious ‘types’ of memory, memory for names and 
figures, for colouis and tones, etc,, are in great measure referable to 
special practice in these classes of centially excited sensations, itself 
due to inclination or oppoitunity. The schoolboy who whistles every 
melody that he heais does not thereby improve his memory for 
coloms or forms, words or odours. The various types of sensible memoiy 
(§ 10, 5) require altogether individual development, just as physical 
tiainmg can be exclusively directed to a particular pait of the body. 
It is the same, again, with the influence of fatigue. The general 
relaxation which we experience after a sleepless night weakens asso- 
ciability and leproductivity in all sense departments alike. But the 
fatigue of memory produced by persistent occupation with a particular 
object need not extend to other objects; indeed, it may change to an 
undiminished vigoui, when attention is turned to a wholly different 
complex of processes, dependent upon other conditions. The more 
extensive the draft made upon the sensible memoiy by a given 
occupation, the more geneial is its consequent fatigue. Mental woik, 
which involves the most diverse conscious processes, is, therefoie, 
productive of geneial fatigue. It is again impossible to say with 
certainty whether these processes influence associability and reproduc- 
tivity directly, or only indirectly, z by way of attenton The 
abnormal increase of central excitability at a certain stage of fatigue 
(evidenced by vivid dreams, multiplication of illusions, etc.) seems to 
indicate that the diminution of associability and reproductivity resulting 
from fatigue does not affect the central sensations themselves so much 
as the anangement, connection and direction which are normal to 
them under the guidance of voluntary attention. An analysis of the 
influence of practice leads to a similar conclusion. We must, there- 
fore, suspend judgment upon the question whether practice and 
fatigue are conditions of centrally excited sensations co-ordinate with 
attention. 

3. (3) The same holds of the feelings of pleasantness and unpleas- 
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antness. We can, it is true, lay down the general rule that the asso- 
ciability and reproductivity of sensations are greater, the more vivid 
the feelings connected with them but we cannot say with certainty 
whether a direct functional relation obtains between feelings on the 
one hand, and associability and reproductivity of centrally excited 
sensations on the other, or whether the feelings are simply concomi- 
tant processes, implied in every high degree of attentional concentration, 
and in that way acquiring an apparent influence of their own upon 
association and reproduction. It must, consequently, remain doubtful, 
whether the feelings which accompany, e.g,^ a peripheral impiession, 
are themselves the conditions, promoters, or mediators of its influence 
upon the train of ideas, or whether the increase of attention which an 
affectively toned impression regularly commands is the really important 
factor. The facts are familiar enough. Pleasure and interest in an 
object increase the capacity of memory both in the child and in the 
adult, and unpleasant impressions leave a deep impnnt and are recalled 
with great fidelity. The influence of the two qualities of affective tone 
upon the reproductivity of sensations would seem, therefore, to be the 
same Their effect upon associability, on the other hand, is different, 
pleasantness being a decided incentive to association, and unpleasant- 
ness a hardly less decided preventive of connection. A sensation of 
strongly unpleasant tone elbows its way into consciousness, so to speak, 
and leaves no standing ground for other ideas. 

The most indelible impression of melancholy which I received from a visit to 
a lunatic asylum was made by a middle-aged woman afflicted with melancholia. 
She sat motionless upon a chair, her features wearmg a look of intense sadness 
and bitterness, her head sunk, the eyes seemingly fixed upon the one inevitable 
horror which she could not even name. But instances are not wanting in ordmary 
life The mourner prefers to dwell upon his grief in solitude, where he is not 
compelled to struggle against exciting impressions, but can nurse his sorrow unhiu- 
dered until the spell is broken by a salutary exhaustion. 

Pleasurably toned sensations show something of the same character 
A very intensive feeling of pleasure may bring about a temporary 
paralysis of consciousness, though the condition lasts only for a very 
short time. As a general rule, however, pleasure means communica- 
tiveness and enlivens the course of thought, hurrying it from image to 
image, from scene to scene, from action to action. The flight of ideas 
in mania, due to an excessive cheerfulness of mood, is thus the precise 
opposite of the insistent brooding of melancholia, 

4. A question of especial importance in this connection is whether 
the feelings of pleasantness and unpleasantness may of themselves 
determine the course or the quality of a train of ideas, are to be 



214 


DOCTRINE OF ELEMENTS. SENSATIONS 


classed among the processes diieclly subserving ideational excitation. 
It IS geneially held that the associability and reproductivity of a sen- 
sation are modified by its attendant feelings, but that these cannot be 
looked upon as mdependent causes of leproduction It is, again, 
hardly possible to decide the matter at the present time But there 
are certain obseivations which point to the necessity of the recogmtion 
of feeling as a real incentive to reproduction {a) It is an everyday 
experience that a cheerful impression recalls other cheerful impressions, 
and depiessmg circumstances others like them, {b) In mania and 
melancholia the predominant mood (pleasantness or unpleasantness!) 
determines the course of the tram of ideas , nothing is repioduced which 
does not stand m connection with the affective disposition; 

This fact showed itself very strikingly in a case of hashish poisoning which I 
had opportunity to ohseive The emotions of the moment seemed to have usurped 
the actual direction of the couise of ideas in consaousness. The patient was not 
at all incapacitated for introspection, and his subsequent recollection of the details 
of his case was very accurate. He himself noticed and emphasised the importance 
of the affective disposition. The excitement under which he generally labouied 
gave occasion to a whole series of more or less incoherent repioductious, onginat- 
mg (as he said) simply and solely m the affective state. Fits of depression and 
intervals of keen anxiety, by which it was interrupted, immediately changed the 
course of the ideational movement The observation is, of course, by no means 
unequivocal. For (a) we might analyse this * reproduction by feelmg ’ as we have 
already analysed ‘association by similarity’, It might be refeiTed, in particular, to 
the category of leproduction mediated by substitution (cf. § 29, 6) In this 
event, feeling would undoubtedly possess an importance of its own foi the origin- 
ation of centrally excited sensations, it would be the peisistent identical element, 
which arouses a new idea whose similar has previously been together with it in 
consciousness, and which is thus the reproducing factoi in the complex But (j?). we 
might also imagine that not the feelings, but the concomitant movements which 
are so accurately adjusted to express them, and wluch are coi related with definite 
orgamc sensations, were the reproductory agents (y) Both explanations assume 
that the repioductioa was not effected by way of some secondary character of 
sensation or idea} but the correctness of the assumption is not by any means certain 

5. (4) Lastly, there is to be mentioned the dependency of centrally 
excited sensations upon the zvzll By 'wiU’ we understand here not a 
new elementary quality of consciousness (the evidence for which we 
shall discuss in § 40), but what is called ‘wilB in the language pf every- 
day life and of modern psychology alike — the capacity which the 
individual possesses to determine his own attitude and action, internal 
and external Wundt has shown that will and attention are intimately 
related, and has employed the term apperception to denote their com- 
mon constituent. We cannot now enter into the details of the apper- 
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ception controversy, it is sufficient for our purpose to point out that 
apperception itself is obviously not a speculative construction, or a 
metaphysical faculty, or any other of the objectionable things which 
hostile cntics have represented it to be, but an expression for undeniable 
facts of consciousness. If we did not possess the capacity of will or 
attention or apperception, whichever we call it, consciousness would 
be at the mercy of external impressions (which we have found to be 
ordinarily stronger than any class of reproduced sensations), thinking 
would be made impossible by the noisiness of our surroundings, etc. 
The normal individual must, therefore, be able to open a free path 
to certain ideas and movements, while he inhibits certain others ; 
to determine the direction and character both of his thoughts and of his 
bodily movement. But the question as to the influence of this capa- 
city, will, on the ongmation of centrally excited sensations, can hardly 
be answered without a more precise statement of the particular pro- 
cesses comprised under the general name, and a more concrete defi- 
nition of the name itself. We may, therefore, bnefly remark that we 
regard the activity of will as the expression of the totality of previous 
experiences, in all the degrees of authority and consequence whicli 
they have acquired in accordance with universal psychological laws, 
and with all the weight of influence which distinguishes the old and 
proved from the new and stiange It is for the most part but a small 
and fragmentary measure of this that finds its way into consciousness . 
the reserve of energy which gives efficacy to will lies below the con- 
scious lunen. Even this short account (the detailed investigation and 
exposition follow in §§ 40 and 77) will be enough to put it beyond 
doubt that will — a capacity which sums up in itself the whole course 
of individual development— must be a condition of exceptional import- 
ance for the course of centrally excited sensations. As a matter of 
fact, we can by its assistance reproduce an idea or suppress a repro- 
duction or divert associability into a definite channel The product 
of volition IS, of course, not a creation out of nothing, though it may 
sometimes present this appearance to mtrospection, when the particular 
determinants of will and of the ideas willed do not emerge from the 
limbo of the unconscious, of physiological processes. This bare state- 
ment must suffice in the present coxmection. We need only add that 
what are called the mental dispositions (logical or mechanical memory, 
inductive or deductive intellect, receptive or constructive imagination, 
talent, etc. : cf. § 39. 6)) may also be looked upon as ultimate general 
conditions of centially excited sensations. They, too, are forces, which 
appear in the course of mdividual development, but which are only 
fragmentanly accessible to introspection; though the name is further 
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used lo indicate special inclination for certain classes of internal and 
external activity. Whether they requiie individual mention, over and 
above the special conditions, is a question which it is impossible to 
answer. 


§ 33* Theory of Centrally Excited Sensations. 

1. There are three considerations which convince us that the 
conditions enumeiated in the two previous sections do not constitute 
an adequate theory of centrally excited sensations (i) 'Spontaneous’ 
ideas cannot be explained by any of the special conditions hitherto 
formulated. For they are distinguished from other reproductions by 
the absence of a conscious incentive to their arousal, and all the 
conditions which we have mentioned have been explicitly gamed by 
abstraction from introspection. (2) The process of direct sensational 
comparison shows that the dependency of reproduction upon precedent 
conscious impressions must not be interpreted to mean that the 
origination of centrally excited ideas is the exclusive function of 
peripheral stimuli whose effect is discoverable by introspection. This 
and many other instances of ^unconsciously’ mediated reproductions 
prove that our ‘special conditions’ (§ 30) are not absolutely necessary 
presuppositions of centrally excited sensations. (3) And the last few 
decades have fairly overwhelmed psychology with cases of pathological 
derangement of memory, association and reproduction, in a large number 
of which direct anatomical and physiological distuibances have been 
demonstrable, while the general character of all prevents their 
explanation in any other way If we refuse to admit the validity of 
physiological interpretation, we shall be compelled either to give up 
the facts as enigmatical, or to take refuge in metaphysics or mysticism. 
In neither event is justice done to the scientific problem. We must, 
therefore, face the consequences to which these facts lead, although 
we can state them only in outline. 

2. Disturbances of memory are of very various kinds. We may 
classify them under the heads of general and special derangement. 
The former illustrates the effectiveness of the different materials of 
reproduction of centrally excited sensations (§ 31); the latter serves to 
explain and elucidate the special conditions of reproduction ( § 30). Ge- 
neral disturbances of memory are not limited to any single sense depart- 
ment, but bring about a diminution of recollective capacity in all. 
This diminution appears under normal circumstances with advancing 
age, and runs its course in obedience to definite laws At first, 
the newest impressions are the most easily forgotten; then the store 
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of ideas gradually disappears, in the order from more recent acquisi- 
tion to moie remote. The subject’s vocabulary is also narrowed m 
a peculiar way: substantives aie forgotten moie quickly than verbs 
and adjectives, proper names more quickly than common, concrete 
terms more quickly than abstract. All these stages of foigelfulness 
appeal also in transient or permanent derangements of memory caused, 
t)y violent concussion of the brain. The facts tell us nothing 
new . they are simply fresh instances of the special and general 
conditions of centially excited sensations which we discussed above 
( §§ 30 — 32) They are especially indicative of the influence of 
fiequency of leproduction, the individual sigmficance of the impression, 
attention, etc. There is, however, one point which, if not explained 
by reference to attention or fatigue (and the explanation is doubtful), 
takes us at once to conditions not accessible to introspection the 
point that in old age the latest and newest impressions are worst 
reproduced, while m childhood, other things equal, they have the 
advantage over all others. We will group these conditions together 
under the general heading of a retardation of nervous processes 
correlated with decay of the organic functions The retardation, 
which may depend upon a reduction of metabolism, must obviously 
be greatest where the excitations are following wholly new paths, and 
will gradually affect more accustomed processes, inhibiting always 
that which offeis the least resistance. 

3. Another instance of general derangement of memoiy is furnished 
by the phenomenon of double consciousness or the divided self, 
observed in cases of hypnosis, hysteria, etc. It is characterised by 
the existence of a more or less complete separation of two aggregates 
of conscious processes, which alternate at certain intervals or can be 
called up in inegular sequence by favourable conditions. The two 
aggregates are oftentimes of entirely opposite character An individual 
whose behaviour is normally serious and decorous shows himself, in 
his new circle of ideas, frivolous and impudent. The Hwo mmds’ 
succeed each other without conflict; frequently they know nothing of 
each other. All those factors in the mental and physical attitude 
and conduct of the individual which we call conscience, taste, 
principles, etc , seem to persist in the one self with unchanged inten- 
sity and* unimpaired mfluence, while m the other they are either 
destroyed or transformed into their opposites. We cite these facts 
in the present connection, because from the purely psychological 
standpoint they are in the last resort simply phenomena of memory. 
It has been suggested that the importance of the common sensations 
and of the general mood or temper of mind which reflects the 
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State of the whole body is such as to mark them out as the 
nucleus or substrate of these conscious aggiegates Attention has 
also been called to analogous divisions of the normal consciousness 
occurnng, e.g ^ when we carry on a conversation while composing a 
letter However it may be with these hypotheses, the two selves 
constitute two more or less independent circles of ideas, mediation 
between which is prevented by some reason inaccessible to introspec- 
tion. Here again, then, we are forced to the assumption of physio- 
logical conditions But we cannot at present make any probable 
conjecture as to their* character. 

4 The general disturbances of memory which extend merely to 
experiences subsequent to a particular event or comprised withm a 
definite period are absolutely inexplicable by a psychology which 
refuses to pass beyond introspection into physiology. These tem- 
porary obscurations of memory have been not infrequently observed 
Sometimes they are confined to the sense impressions received and 
the knowledge acquired during the particular time, while the actions 
which had become automatic are not affected , at others, they include 
every acquisition whose date falls within it. Sometunes again, a pre- 
vious expenence intervenes between new impressions, but is not judged 
as familiar. All these cases of more or less complete loss of the 
capacity to recollect precedent experiences require for their scientific 
explanation a dependency of the reproductivity of sensations and 
ideas upon some set of nervous processes. The lost memory is 
often fully restored after a certain lapse of time, so that there can 
be no question of senous anatomical derangement. Indeed, in the 
majoiity of instances the disturbance must be regarded as purely 
functional This view is confirmed by the number and vanety of 
special symptoms in amnesia. Disturbances of speech, in particular, 
have been very carefully studied, and show almost every conceivable 
type of isolated inhibition of the recollective capacity. Besides pure 
motor aphasia,^ which is of no interest to us here, there is a great 
diversity of sensory forms. One patient (alexia) will be more or less 
completely incapable of translating written words into speech move- 
ments, ie^ of ‘reading’ in the ordinary sense of the word, although 
he can repeat what he hears quite correctly; while another suffers 
from more or less complete abrogation of the connection between 
audition and speech, although he can read without trouble. Or 
again, audition and vision may be convertible into spoken words, 
while there is more or less lack of understandmg of what is read 
and repeated. Yet again, pathological cases are known where wrong 
letters or words are constantly employed, consciously and uncbn- 
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sciously, in leading or repeating what has been heard, and in volun- 
tary speaking. All these disturbances appear to be also possible in 
the translation of vision, audition, or speech into the movements 
subserang writing. And within each of the larger groups we can 
disci immate highly specialised individual cases, in which the derange- 
ment IS limited to definite classes of words, definite words, definite 
letteis, etc, 

5. We find analogous phenomena in other departments of memory. 
Thus memory for the forms of visible objects, and the musical me- 
moiy under all its different aspects seem to be capable of isolated 
derangement But we can pass fairly easily from the normal con- 
sciousness even to these deep-seated pathological inhibitions, (i) be- 
cause similar disturbances of less intensity sometimes occur in ordinary 
life, and (11) because individual inclination or education usually leads 
to a preference for definite kinds of ideation and centrally excited 
sensations. Putting all the facts together, we may draw (i) the general 
conclusion that memory is not a unitary force, equally and always at 
the disposal of eveiy mind for eveiy mental process, but takes on a 
special form for the separate groups of centrally excited sensations 
and their combinations, so that what we call ‘memory’ consists 
in a number of special memories, and is not a peculiar capacity above 
and beyond them (§§ 30 5, 32 2) We may also assert, without hesitation, 
that (2) the conditions of centrally excited sensations determinable by 
intiospection are not their real conditions, but only symbols or indi- 
cations of the reality If we attempt to explain all the facts upon 
no other data than those of introspection we are compelled, in cases 
like those which we have just mentioned, either to dispense with an 
explanation altogether, or to introduce vague and indehnite con- 
cepts of unconscious ideas, mental faculties, dispositions, tendencies, 
etc. If, on the other hand, we make up our minds to consider ner- 
vous processes as the actual conditions of centrally excited sensations, 
we have, in the first place, the advantage of bemg able to explam all 
the facts, in principle at least, without putting pressure upon them 
or shifting our own point of view, while we also reap the benefit of 
basing our theory upon a universal law of nervous structure and 
function, which obtains whether or not there are psychical phenomena 
to accompany excitation. It cannot be charged against an explanation 
of this kmd that it is either arbitrary or merely hypothetical. 

6. When we come to details, however, we can offei little more 
than hypothesis. Our present ideas of the nature of these nervous 
processes, which we take to be the conditions of centrally excited 
sensations, are quite vague and general. A current physiological view 
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regards the cells of the cerebral cortex as differentiated organs, sub- 
serving particular perceptions and recollections It is thought that 
each separate idea has its seat in a separate cell, and a calculation 
has been made of the number of ganglion cells, with the comforting 
result that there are enough of them to hold the stock of ideas 
accumulated in the lifetime of the individual. This theory dates 
back in principle to the seventeenth century. However imaginatively 
worked out, it is too crude to be accepted as even an approximation 
to the true explanation. Besides, there is nothing in the facts, 
normal or pathological, to suggest its selection from the list of pos- 
sibilities, apart from the purely physiological or purely physical diffi- 
culties which it presents. An attempt has been made to amend it 
by correlating the elementary conscious processes with the element- 
ary constituents of the cerebral cortex, and thus making sensation 
the specific eneigy of the coitical ganglion cell But nothing is gamed 
by the new formulation The old difficulties remain practically as 
they were, and new ones are added For instance, even the revised 
cellular hypothesis can haidly explain how it happens that sensation 
complexes which contain the same elements and differ from one 
another only in the arrangement of their contents can be possessed 
of such various importance foi memory And it is hardly conceiv- 
able (though this objection holds as against the older form of the 
theory as well) that visual sensations of any considerable extension 
can be represented on the physiological side by the excitation of a 
single cell. Both views, however, are put out of court by their 
inability to show us how or why a newly arrived sensation or idea 
selects a particular cell out of the whole number at its disposal. 

7. This hypothesis of the seat of the separate associable elements 
finds its complement in the further hypothesis that incentives to the 
reproduction of centially excited sensations, or (to use the commoner 
expression) associations, are anatomically and physiologically mediated 
by the tracts of fibres connecting the various sensory centres. Hence 
we hear of association paths ^ along which the excitation is propagated 
from centre to centre, and by whose means the idea which has 
previously been connected with an impression is reproduced when the 
impression is repeated, m accordance with the laws of temporal and 
spatial contiguity Now there can be no doubt that the fibre masses 
which can be anatomically demonstrated to run from quarter to 
quarter of the cerebral cortex stand in relaton to the association of 
ideas. Lesion or degeneiation of the one is followed by disturbance 
of the other. But this relation is both inadequately and mislead- 
xjigly expressed by the hypothesis. For (i) association is possible not 
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only between ideas of different sense departments, but between im- 
pressions of the same sense The explanation consequently requires 
the assumption of connectmg fibres between the cells of the indivi- 
dual sensory centre. (2) We must also suppose that, as the specific 
substiates of definite ideas, the cells possess specific association paths. 
But our present knowledge of the stiucture of the cerebrum, so far 
from giving suppoit to this view, tells directly against it. Besides which, 
all the difficulties of the cellular theory recui again in connection 
with the theory of specific association paths (3) Moreover, the 
phrase ‘association path’ suggests that the fibres, or their function, 
are the actual equivalent of ‘association’, in the psychological sense 
of the connection of sensations in consciousness. We need haidly 
give reasons for the contrary belief, that the function of the paths is 
merely a condition of empuically incited and free reproduction (§ 30. 9), 
and not the special topographical substrate of the simultaneity of 
associated sensations in consciousness 

8 It is obvious that all these ideas are closely connected with 
that of the law of specific sensory energies and the stiict doctrine of 
localisation of cortical function Indeed, if the operation of the 
law IS transferred from periphery to centre, there is no difficulty in 
assigning every discnminable conscious quality its particular seat in 
the cerebral cortex (cf § 9 5 ff). It will then depend simply upon 
the view of the individual psychologist, whether he make the single 
cell the depository of a simple or complex mental process How far 
the bias of this individual psychology may lead is shown by the 
distinction drawn between perceptive and recollective cells on the 
basis of the facts of mental blindness and mental deafness (cf. § 27. 
3, 7, 8), and by the localisation of a special conceptual cenUe along- 
side of the various sensory centres But there is a further develop- 
ment to mention. As the cerebral cortex contains motor as well as 
sensory centres, recourse has been had of late to schematic drawings, 
to illustrate the connection which introspection finds to hold between 
idea and movement. We shall dispense with this convenient mode 
of illustration here, for two reasons (i) because it would reflect the 
opinion of only one group of psychologists, and (2) because we 
regard the schematic figures ordinarily employed not only as premature, 
but as Vrong in their essential implications Besides the adherents 
of the strict locahsation doctrme, there is a school of physiologists 
which holds that all motor centres are also sensory; another (to 
which Goltz belongs in particular) which keeps more or less consist- 
ently to the view of Flourens, that the cerebrum as a whole is the 
substrate of all mental function; and yet others which adopt neither 
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of the extreme theories, but accept the localisation of sense depart- 
ments and motoi impulses, while they reject the hypothesis of specific 
cells and refuse to posit a different cellular substrate for perception 
and recollection or an independent conceptual centre In face of 
this divergence of opinion, the author may be permitted to present 
his personal standpoint. 

9 In the first place, it is at least exceedingly misleading to speak 
of a ‘seat’ of sensation or idea There can be no doubt that the 
term, with the incorrect metaphor which it embodies, must share the 
responsibility of many epistemological and psychophysical difficulties. 
When we ‘localise’ a sound heard, we do not make it spatial we 
meiely determine the part of space which is the seat of its visible 
source or condition. In the same way, when we distinguish local 
cortical centres, we are not placing sensations or ideas within a 
limited spatial area, but simply defining the locality of the visible 
conditions upon which they are dependent All that a localisation 
of cortical centres can do, then, is to funiish a topography of the 
central nervous condition® of psychical processes The real question at 
issue in the conflict of opinions is, therefore, simply this . are the cential 
conditions of sensation referable to distinct localities, as its peripheral 
conditions admittedly are? To this question we may probably reply 
in the affirmative, appealing to the most reliable observations of 
pathological anatomy for facts upon which to base our answer. As the 
course of particular sensory neives has been traced again and again to 
definite areas of the ceiebral cortex, it is reasonable to suppose that 
the central processes are locally restricted, as are the processes m the 
peripheral sense organs. At the same time, this does not necessarily 
mean {a) that the sensory centres are the ultimate conditions of 
sensation. It is entirely conceivable that they are only links in a 
serial chain of conditions, which begins with the peripheral sense 
organ, and is continued beyond the sensory centre (since in eveiy 
case paths lead from this to the. frontal bram region) to reach its 
final conclusion, possibly, in the frontal cortex. And [b) this local 
differentiation of sensory centres does not by any means imply the 
validity of the cellular hypothesis criticised above. We attempted to 
show m a previous connection (§ 9. 7) that the law of specific sensory 
energies was tenable only if the specific function was brought into 
connection with the peculiar structure of the sense organs, and its ex- 
tension to the individual qualities of sense made altogether dependent 
upon the special character of the experiences and observations com- 
prised within a given sense department {ct vision with audition), 
ro. It is noteworthy that while the motor centres of the ceiebuil 
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cortex, more especially in the neighbourhood of the anterior central 
convolution, are markedly different in histological structure, the sensory 
centres (the visual in the occipital lobes, the acoustic in the temporal, 
etc.) present a very similar appearance in microscopical preparations 
We find, accordingly, that central disability of a motor area is over- 
come with extreme difficulty, whereas a sensory derangement is com- 
paratively easily and quickly compensated. Similarly, the extirpation 
of a motor portion of the brain is followed by permanent local dis- 
turbance of movement; whereas an animal deprived of a sensory 
portion will veiy soon show every sign of complete recovery, piovided 
that the exsected area was not too extensive, t e., that connection was not 
entirely severed between cortex and sensory nerve. All these pheno- 
mena are evidence that the specific function of a neivous excitation 
is as a rule dependent upon its normal place of origin . the penpheral 
organ in the case of sensory nerves, the central in the case of motor. 
It would seem, therefore, that we may compare the unknown processes 
of the sensory centres with the known phenomena of the motor pen- 
phery, and attempt in this way to gam a more definite idea of their 
nature. We must then correlate the particular sensation not with the 
excitation of a single cell, but with that of a larger or smaller cortical 
area, according to the range of the peripheral stimulation. Moieover, 
we shall find no difficulty in conceiving of a ‘superposition’ of the, 
different cortical functions ; since this only requires that each particular 
form of movement occurring in the cerebral cortex be independently 
renewable, without disturbance or abolition of others. And lastly, we 
may designate the state of the nervous substance, in which the various 
cortical areas are capable of reproduction, — employing a phrase proposed 
by Wundt, — ■fu?ictional disposition. Just as the piano player uses hands 
and fingers for the most varied combinations of movements, so the 
same parts of the cortex may be concerned in very different forms of 
excitation. The view which we oppose to the cellular hypothesis may, 
therefore, be termed a dynamic h3q)othesis. It takes account of the 
comparatively rapid compensation of limited brain injuries, while U 
also recognises local differences within the cortex. 

II. If we suppose, further, that these central excitations can be 
originated not only by a penpheial stimulation (which, of course, is 
the conditio sine qua non of excitation in general, on our own theory 
as well as on the others), but also by purely central causes, we have 
in these last the physiological equivalent of centrally excited sensations 
We must take it for granted that the mechanics of nervous substance 
realises the necessary special condition of empirical reproduction, 
simultaneous occurrence in consciousness (§ 30, 5), and respond*^ to 
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all the influences which introspection showed to be determinants of 
the effectiveness of this condition As we might lay down quite similar 
rules for combinations of movements of our limbs, we may conjecture 
that they are general laws of nerv'ous excitation. We can at present 
form no positive idea of the physiological equivalent of conscious 
simultaneity We might, perhaps, conjecture that the paiallel process 
was a confluence of the separate sensoiy excitations in a supreme 
central organ, which seems anatomically given in the frontal lobes 
As the existence of such a central organ is also vouched for by the 
phenomena of attention and wall (§ 76. 5, § 77 7), and as we were 
compelled to give attention the most important place among the gen- 
eral conditions of centrally excited sensations, if not to regard it as the 
inevitable condition of leproduction and association (§ 32. i), it will 
be seen that oui present hjqiothesis is not a mere analogical con- 
struction. 

The occurrence of free reproduction, again, presents no difficulty 
on our theory. Introspection is unable to discover any condition for 
the spontaneous origination of ideas. We must, therefore, suppose 
that the central causes of the origination of the parallel excitations 
are not represented in consciousness Nor is the other group of fiee 
reproductions any obstacle in the way of a physiological explanation, 
when we remember the geneial corollary of the law of causation, that 
similar causes produce similar effects The schema to which we 
reduced these phenomena (§ 30. lo) can be applied directly, from this 
pomt of view, to the central nervous excitations The conditions of 
centrally excited sensations enumerated above (§§ 31, 32) also admit 
of a physiological interpretation in accoi dance with our dynamic theory. 
Indeed, we have already shown, in certain instances, that this translation 
offers no special difficulty (cf, § 31. 6; § 32. 5) Coming, lastly, 
to the pathological observations which have been so largely inffuential 
in suggesting a physiological explanation, we can say that our hypo- 
thesis is able to do them full justice, even though it cannot state m 
detail how precisely this or that derangement of memory is produced. 
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Section 11. Feelings, 

§ 34. Sensation and Feeling. 

1. It is beyond question that we owe the nchness and complexity 
of our conscious experience to sensation We found that there are 
some 13,0(30 distinguishable sensation qualities (§15 4, § 18 5, 
§ 19 4); and this number is far exceeded by the various combina- 
tions of sensations, and the discnminable differences of intensity; etc., 
in which each quality can be given. The qualitative differentiation of 
feeling is poor indeed in companson. Nevertheless, the feelings oc- 
cupy a far more important place m popular opmion than sensations. 
They pass for real states of the experiencing subject, his most in- 
timate possession, the expression of his personality and activity; 
while sensations seem to be something foreign to the self, imposed 
upon it from without, passively received by it. This divergent estimate 
of the two classes of conscious elements is well founded It is based 
(i) upon the observation that the inten elations of feelings can nevei 
be independent of the subject as those of many sensations can, t.e , 
that feelings have no objective significance over and above their psy- 
chological Feelings, m other words, appear as something purely 
subjective, while sensations are only partially subjective^ But it 
also (2) finds support in the fact that feelings are comparatively much 
less dependent upon external stimuli than sensations, and are conse- 
quently much more independent of the objective influences to which 
the subject is exposed. This means that the attitude of the indivi- 
dual himself is a determining factoi in the origination and course of 
feelmg, and the impression is produced that the sole condition of its 
appearance and character at any given moment resides in him as 
experiencing subject 

2. But the view of the relation between feeling and sensation implied 
m these suggestions is not definite enough to be psychologically satis- 
factory. Psychologically regarded, both processes alike are dependent 
upon the, experiencing subject; and external stimuli exercise a real 
influence upon the feelings, although it is less than in the case of 
sensations. The relation of the two elements, then, calls for a closer 

* A reference to the subjective side of experience is, of course, imphcit in the name 
Empjindung'^ but this is irrelevant to the present discussion [No such reference seems 
contamed in the English scnsaiion\ 
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examination We find, first of all, an important difference, which 
may be regarded as characteristic for the special laws governing 
feeling and sensation. We divided sensations into two great: groups, 
peripherally excited and centrally excited, and found that this distinc- 
tion, so far from being inessential for consciousness, was normally 
recogmsed in every case by introspection But there is no difference 
of moment between peripherally and centrally excited feelings The 
centrally excited are usually as vivid as the peripherally excited, and 
can compete with them successfully for the detennination of the will 
It is curious that the representatives of eudaemonistic ethics seem one 
and all to have overlooked this fact, which is really the necessary presup- 
position of their theory. If centrally excited feelings resembled centrally 
excited sensations, a present pleasure, satisfaction of the senses, would 
inevitably be victonous over an expected pleasure or a merely imagined 
satisfaction. Moral action, which on the eudaemonistic view always 
requires an imagined pleasure as its determinant, would then be 
possible only if the present condition were that of sensuous dissatis- 
faction or of peripherally conditioned indifference. The immense im- 
portance of this equivalence of centrally and penpherally excited feel- 
mgs for instruction and education, indeed, for the general progress of 
humanity, is obvious. Only the very highest degrees of sense pleas- 
ure and sense pam are now able to overpower the centrally excited, 
‘higher’ feelmgs Even here, the advance of civilisation has effected 
a partial emancipation, although the pangs of hunger and the rage 
of lust are still all too frequent causes of crime. On the other hand, 
the faintness of centrally excited sensations as compared with peri- 
pherally excited is of great importance for an unimpeded knowledge 
of the external woild, for the progress of empirical investigation. 
We distinguish memory from perception, the product of imagination 
from the presentation of sense, so easily, that there can be no serious 
disturbance of the course of objective knowledge; and the growth of 
naturalism m art and of object-teaching in education affords a suf- 
ficient guarantee that the capacity of imaginative interpretation of per- 
ception or of vivid reproduction of (or reconstruction from) description 
finds no encouragement to further development. 

3. These phenomena famish at least a partial explanation of the 
relatively slight dependency of feeling upon external stimulus. If 
centrally excited feelmgs are of equal value with peripherally excited, 
an affective state which results from the combmation of peripheral 
and central causes will evidently show but httle trace of the influence 
of external stimulation. Consciousness will hardly ever, one might 
say never, be exclusively determined bv a peripheral stimulus, even 
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though attention place no obstacle in its path. There will always be 
centrally excited sensations more or less clearly present; and as they, 
too, aie ordinal ily connected with feelings, the affective influence of 
an external stimulus will always be modified by a pre-existent affec- 
tive state It will depend upon ciicumstances whether a particular 
stimulus is pleasant, unpleasant, or neutral, although the sensation 
which it arouses remains practically the same in every case It is, 
theiefore, in general, wholly mdiffeient for the investigation of sen- 
sitivity and sensible discrimination whether the stimuli are agreeable, 
disagieeable, or neither, provided only that their affective value does 
not dwelt the attention. We may leave it for the present undecided 
whether this modification of the affective influence of a peripheral 
stimulus may not be due in some measure to other peripheral exci- 
tations The facts alleged put it beyond doubt that feelings obey 
different laws fiom those of sensation, and that other processes and 
other conditions aie involved in their oiigmation. A systematic in- 
quiry into the relation of sensation to feeling leads to the same result. 
Three forms of this relation are theoietically possible We may regard 
feeling (i) as an attribute of sensation, co-oidmate with quality and in- 
tensity, (2) as an effect or function of sensation or of a sensation attn- 
bute , or (3) as an independent conscious process,, which accompanies sensa- 
tion under given conditions, but which requires separate description and 
explanation. We will pursue our investigation under these three heads. 

4 (i) Feeling as Attribute of Sensation. — We reject this possibility, 

for three pimcipal icasons. {a) We can discriminate the same attri- 
butes of feeling which we previously obtained by our analysis of 
sensation, — quality, intensity and duration. Extension does not attach 
to feeling ; but neither does it to all sensations (§ 4. 3) It is logically 
inadmissible to count a process, itself possessed of these different 
attributes, as one among the corresponding attributes of sensation. 
At the very least, we should be compelled to look upon it as an attri- 
bute of quite different rank or chaiacter , and for this there is no 
reason. It would be equally justifiable to consider sensation an attribute 
of feeling, {b) We made it a cnterion of the attributes of sensation 
that, if they applied at all, they were inseparable characteristics of the 
content. If any one of them = o, the whole sensation = o (§ 4 i). 
Measured, by this standard, feeling cannot be called an attribute of 
sensation. For the affective tone of a sensation may very well disappear, 
without the cessation of the sensation itself. We actually find sensa^ 
tions present where feeling is absent, i.e , we have sensations which 
are neitht^r agreeable nor disagreeable; and we further find (such, at 
least, is the author’s experience) feelings present where sensation is 
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abbsent, ie ^ we have feelings which are not accompanied by or attached 
to a definite sensation, or which arise where the nervous conditions 
of sensation are debaired from the exercise of their ordinary influence 
on consciousness When cases like these exist, it is evidently wrong 
in principle to speak of feeling as an attribute of sensation {c) Sen- 
sation, as we saw above (§ 4. i), is not something beyond or beside 
the attributes of quality, intensity, extension and duration. It is ade- 
quately defined by the definition of all these characteristics But the 
feeling which belongs to a sensation is not a necessary factor in this 
definition, one without which a complete chaiactensation is impossible 
The relation between the two is precisely similar to that between the 
sensations of pressuie and temperature Pressure may be warm or 
cold 01 thermally indifferent. But its own quality is not more fully 
or accurately defined by the statement of this secondary fact; the 
statement is simply a description of a new phenomenon, whose 
occurrence or non-occurrence m consciousness depends upon special 
circumstances Sensation, m the same way, is somethmg beside or 
beyond the present or absent feelmg, and feeling is something beside 
or beyond sensation 

5 (2) Feeling as Function of Sensation . — Feelmg may be considered 

a function of sensation, (a) if the attributes of sensation directly con- 
dition Its course, z’ <? , if a parallelism obtains between the two processes 
similar to the functional relation which we found to obtain between 
sensation and stimulus, or {b) if certain connections of sensations 
exercise a determining mfiuence upon it The second of these views, 
stripped of its metaphysical wrappings, is represented in the history of 
psychology by Herbart In its exclusive form, it is plainly negatived 
by the verdict of introspection. We constantly find ourselves attrib- 
uting agreeableness 01 disagreeableness to sensations absolutely, without 
basing our judgment on their relation to other sensations Toothache 
remains disagreeable, although the other sensations in consciousness 
are neither of the same nor of the opposite affective quahty. An 
attempt has been made to meet this objection by drawing a sharp 
line of distinction between the affective tone of sensation and the 
feeling originating m the mutual relations of ideas But the distinction, 
agam, entirely disregards the testimony of introspection, which declares 
that the pleasantness or unpleasantness attaching to a simple sensation 
does not differ in any essential point or attribute from the feeling 
attaching to a relation between sensations And the other view, 
which makes feeling a function of particular sensations, is equally one- 
sided, since feelings can undoubtedly attach to their interrelations as 
well as to themselves- There remains the question whether, perhaps, 
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a combination, of both views is introspectively possible. In endeavour- 
ing to answer this, it will be sufficient for us to examine one of them 
only, — that which can be the more summarily treated This is the 
hypothesis of the dependency of feelmg upon the particular sensation, 
or (what is the same thing) upon the attributes of sensation. 

6. It IS evident that no one of the attributes of feeling is 
dependent (1) upon the quality of sensation There are no sensation 
qualities which are everywhere and always pleasant or unpleasant, 
strongly toned or weakly toned, pi evocative of long continued or 
transient affective result Nor can it be maintained (we shall discuss 
the question in detail in § 36) that every sensation quality possesses a 
specific affective tone, distinct from the pleasantness or unpleasantness 
peculiar to other sensations. This would mean that we had in 
consciousness at least twice as many affective qualities as sensational — 
a wealth of contents of which introspection reveals no trace. We often 
speak, again, of ^warm’ and 'cold* colours, of ‘grave’ and ‘cheerful’ 
tones, etc., but the phrases need not be interpreted to imply that 
qualitative diffeiences of feeling are correlated with certain sensation 
qualities. The view that feelmg is dependent upon sensation is, 
therefore, usually narrowed down, (ii) and feeling becomes a function 
of the intensity of sensation It is certainly true, as a general rule, 
that weak to moderately intensive sensations are pleasant, more 
intensive unpleasant But it is not the greater or less intensity of 
the sensation as such which gives this law its real or general signifi- 
cance Different sensations in different sense depaitments, and even 
within the same sense department, fall under it at very different 
absolute intensities. Thus a very slight intensity of organic sensation 
IS distinctly unpleasant (a stomachic derangement, eg., which is 
represented in consciousness by hardly any definite sensations at all), 
while sensations of pressure, sight and hearing must reach a fairly 
high intensity before they ran produce a similar effect upon feeling. 
And while deep tones are rarely unpleasant, even when they are 
intensive enough to excite the nerves of touch as well as those of 
heanng, weak tones from rods or tuning forks of very high pitch are 
exceedingly disagreeable Pathological evidence can be adduced in 
support of these observations Cases are known in which a gentle 
contact IS 'painful, faint noises unbearable, and dim light very disturb- 
ing; and although they usually show a general increase of sensitivity, 
the increase is never sufficient (as is demonstrated by the value of 
the stimulus liraen) to explain the alteration of the affective reaction. 
We are forced to conclude, then, that the intensity of sensation is 
not the determinant of the course of feeling, and that the law laid 
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down above holds only under certain circumstances, t e., when the 
changes in sensational intensity coincide with changes in other processes 
which constitute the actual conditions of feeling. 

7 The same thing holds (m) of the tempoval and spatial character of 
sensation. The relation of duration and extension to feeling is 
precisely similar to that of mtensity long duration and wide extension 
have the effect of high intensity We have found this rule to obtain 
foi sensation (cf., e,g^ § i8. 7), and it has been confirmed by investi- 
gations into the physiology of the nervous system (cf. § 9 10) So 
that what we have said of the relation between feeling and intensity 
' of sensation applies of the analogous relation between feeling and 
duration and extension of sensation. But the spatial character of 
sensation includes form or shape, as well as extension; and this 
seems to have a special effect upon feeling, more particularly in the 
sphere of sight Certain forms are pleasing, others displeasing. The 
feelmgs thus onginated have been termed elementaty cesthehc feelings^ 
and the phrase used to cover eveiy degree of pleasantness or un- 
pleasantness correlated with the temporal arrangement and spatial 
form of sense impressions, apart from their qualitative or mtensive 
contents 

But here again it can be shown that form as such is not provoca- 
tive of feelmg. Not only do different individuals give very different 
affective reactions (and we cannot refer the differences here, as we 
could in the case of sensation, to peculiar dispositions or functional 
differences of the perceptive organs), but the salme mdividuai is 
very differently affected by the same form at different times. In 
other words, we are again unable to discover a parallelism between 
feelmg and sensation. And as the same arguments may be applied 
to the alternative hypothesis, that feelmg attaches to the relation 
between sensations, we are driven to the conclusion that there is no 
simple functional relation between the two contents. 

(3) There remains only the last of the three possible views of the 
relation of feelmg to sensation, that which makes feeling an independent 
conscious process. All the objections which we have urged against the 
other two tell in its favour We will, therefore, accept it as a correct 
interpretation of the facts, without intendmg for a moment to deny 
the normal connection of feelmg with sensation in consciousness. 

2 35, The Investigation of the Feelings. 

I, It follows from the foregoing Section that an investigation of the 
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application of the rules which we have found to hold for sensation 
Expenment in particular, which did such good service for sensation 
analysis, must now be employed in a different way, to suit the changed 
conditions. But we cannot either clamfy the feelings on the Imes laid 
down for the classification of sensations (§4 10). For (a) there is no 
essential difference between peripherally excited and centrally excited 
feelmgs (§ 34. 2); and ( 3 ) the quality of feeling is not dependent upon 
the character of the perceptive organ— so that we have no classes cor- 
responding to the ‘cutaneous’, ‘visual’, etc., sensations (§ 34. 6) It 
will be easily seen that the classification of the feelings must, under 
these circumstances, present peculiar difficulties. For introspection is 
no more able to suggest an independent principle of arrangement here 
than it was in the case of sensation (cf. § 3. i) (i) Feehngs are very 
commonly divided into higher and lower. The pleasantness of a colour 
or a taste, eg, is a lower feeling ; pleasure in a picture or in a piece 
of good news a higher. But the criterion which gives these values to 
particular contents is pldinly derived from a definite theory of life, a 
more or less complicated and individual systematisation of the rules 
of action, thought and sensation. What is valueless, in the first 
instance, is not the feeling, but the sensation or idea which underlies 
it This distinction of higher and lower feehngs is, therefore, simply 
an offshoot of a more general distinction, which ranks sense impres- 
sions, the whole domain of sense perception, as ‘low’, in comparison 
with concepts, the activity of reason or understanding. Such an 
appraisement belongs to rationalistic metaphysics, not to scientific psy- 
chology As a matter of fact, there is no qualitative difference 
discoverable ^ between the pleasantness of a colour and that of a 
successfully concluded argument, when careful abstraction is made from 
the very wide differences in all their attendant circumstances. It cannot 
serve, then, as the basis of a classification of the feelmgs. 

2. (2) A very similar classification of feelings groups them as 

sensible and intellectual The latter are further subdivided mto logical, 
ethical, religious, and aesthetic. It is evident that the line of separa- 
tion here practically coincides with the line of separation in the 
previous classification, into ‘higher’ and ‘lower’. The sensible feelings 
are identical with the lower. But it is a distinct advance to have 
exchange^! the irrelevant criterion of metaphysical value for the simple 
dependency of feeling upon its excitatory processes. The sensible 
feelings are aroused by sense impressions, more especially by their 
quality and intensity ; the intellectual are produced by ideas and inter- 
relations *of ideas. At the same time, this classification, like the othei, 

1 In my own experience and, I imagine, in that of others also 
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pays no regard to the qualitative diffeiences within feeling itself. And 
where that is the case, it is the conditions of the feelings, and not the 
feelings as such, which are really classified. 

(3) It has been proposed to employ the term ^feeling’ not for simple 
conscious processes, but for those moie or less complex contents which 
we should regard as connections of sensation (idea) and feeling. The 
suggestion finds support in populai German and m popular and scien- 
tific English phraseology, and its adoption naturally carries with it 
the possibility of a veiy extensive classification. Bam, and more 
recently, Lehmann, have given us classifications under this head. But 
it can hardly be asserted that any useful result has been attained by 
them. For if we assume that pleasantness and unpleasantness are the 
only ‘emotionaT elements, then they may obviously connect with 
possible sensations and sensation complexes ; and theie is no need ot 
a special classification of the connections, since sensations and sensa- 
tion complexes have been already classified If we believe, on the 
other hand, that these emotional elements, pleasantness and unpleas- 
antness, are themselves capable of qualitative gradation, then it is 
before all things desirable, in the interests of saentific inquiry, that 
theii various simple qualities be exhibited m the greatest possible 
purity. We say nothing at all of the transference of popular phrases 
into scientific terminology, and its doubtful value for the analysis and 
comprehension of the facts. 

3. (4) Lastly, it might be thought that the scientific discrimination 
of emotion, mood, impulse, etc., furnishes a basis for a corresponding 
classification of feelings. And it is not uncommon to find the emotions 
of anger, ]oy, etc , regarded as ‘feelings’, upon precisely the same 
plane as satisfaction 01 dissatisfaction in a given complex of sensations. 
But again, when we raise the fundamental question whether the pleas- 
antness and unpleasantness in all these cases are as such specifically 
different, 01 whether the expenential difference between, eg, an 
unpleasant feeling and ah unpleasant emotion is not rather leferable 
in its entirety to concomitant conscious processes, there seems to be 
no escape from an answer in the sense of the latter alternative 
Emotions and moods obtain their peculiar ‘colouring’ principally from 
organic sensations. On the othei hand, it is doubtful whether the 
characteristic quality of impulse, which appears again in voluntary 
action, in desire and in longing, can be reduced to organic sensa- 
tions, or is an irreducible elementary content, an elementary vohtion 
or feeling of effort. {We shall discuss this point at length in § 40) 

We cannot, then, accept any classification of the feelings. '' We are 
left with the simple qualities of pleasantness and unpleasantness, 
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which refuse to admit of farther subdivision. This is additional 
evidence of the independent position which feeling occupies with 
regard to sensation (§ 34 7). All the more imperative, therefore, is 
the necessity of disco venng a reliable method for the investigation 
of feeling, irrespectively of simultaneously present sensations. Two 
affective methods are now beginning to be employed, the first and 
older of which we may term the serial method, the second the method 
of expression The former consists m the systematic application of 
stimulus senes, the latter in an accurate registration of the centrifugal 
mamfestations of feeling 

4 (i) The senal method attempts to overcome the difBculty 

which the relation of feeling to sensation (§ 34) puts in the way of 
an experimental investigation of the affective consciousness by the 
aid of external stimuli For it is evident that a functional relation 
to external stimulus is open to very similar if not to the same 
objections as a functional relation to sensation. We may, it is true, 
assume that the stimulus will exercise a special influence on feeling, 
apart from its effect for sensation, and this is so far an advantage. 
But feeling is, as a matter of fact, no more an exclusive function of 
external stimulus than it is an exclusive function of sensation. At 
the same time, this is not inconsistent with a certain degree of 
dependency, — the deteimmation of which is the object of the serial 
method It sets out from the fact that although the affective result 
of stimulation differs absolutely within wide limits under different 
circumstances, yet relatively the origination or modification of feeling 
by particulai stimuli may remain constant. If, eg, we are in the 
mood to find all colour tones indifferent, we shall still be able, when 
a number of coloured objects is placed before us, to discnmmate 
between their effects upon our affective sUite Some will please us 
more than others, or at least some will displease us less than others, 
and so we may ai range them in a series from the relatively most 
pleasing to the relatively most displeasing, independently of the 
absolute affective value of each separate impression. The regard or 
disregard accorded to the various terms of a senes of this kind is 
then an expression of the dependency of feelmg upon the stimuli. 
Experiments can, of course, be made with all attnbutes of stimulus, 
with that, which corresponds to sensation quality, as well as with 
those underlying the intensity, duration and extension of sensation. 
The method has not as yet received any quantitative formulation; 
and, in particular, no real measuiement of affective change has been 
obtained,* such as we possess m the measurement of sensitivity and 
sensible discrimination. It remains to be seen whether a just notice- 
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able affective change or apparently equal affective changes can be 
produced with any degree of constancy, even where the absolute 
affective disposition is subject to considerable fluctuation ^ 

5 A comparison of the results of the senal method with those 
of smiilaj: modes of procedure in certain sense departments at once 
suggests itself, (i) Thus we might compare the relative judgment of 
tone pitch with the lelative regard or disregard expressed m the 
affective series. But we may be sure that a tone under normal 
conditions will be heard, if at all, at the definite pitch which is 
physically characteristic of it, and will therefore appear higher or lower 
only as related to other similarly fixed and definite tones; whereas 
we have no nght to expect a defimte affective result as such from 
a stimulus as such, but only a result more or less constant in the 
relative way indicated above Om ordinary inability to give the 
quality of a tone a specific name must be ascribed to the lack of a 
well developed liability of reproduction as between tonal pitch and 
denomination, not to any relativity or mutability attaching to the 
sensations themselves On the other hand, the bare judgment that 
a stimulus is pleasant or unpleasant is very simple and easy; but it 
follows from the very nature of feeling that it will vary greatly even 
for the same stimuli (ii) Or agam, we might (as we did above, 
§ II. 5) compare the feelings with the temperature sensations. They 
share with feeling this variability of reaction to external stimulus. 
But m their case, too, the difference between sensation and feeling 
is unmistakable The occurrence of a sensation of warmth or cold is, 
m general, determined by quite definite peripheral conditions, ue., 
the temperature of the skin. This we saw to be algebraically added, 
whatever its degree, to the thermal attribute of the stimulus; so that, 
when it is taken into account, a parallelism of stimulus and sensation, 
though difficult, is nevertheless possible (§ ii. 2). But feelings are 
not thus regulated by peripheral apparatus. At the same time, the 
analogy holds to the extent that ‘warm’ and ‘cold’ mean very 
different things as predicated of the external stimulus; and that this 
difference has its root, not in the relation between sensation and 
judgment, but in sensation itself We can speak, too, of a gl^i^en 
impression as ‘warmer’ or ‘colder’, without there being a sensation 
of warmth or cold present in consciousness 
6. The general dependency of feeling upon stimulus, in the serial 
method, can evidently be represented only by a curve showing the 
subjective changes which answer to a determinate form of change in 

^ And the n^q^ssary distiaction between constant and variable errors is yet to 
b© dravm. 
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the stimuli The values of this curve have no absolute significance, 
but must be conceived ot merely as varying between the relatively 
highest and relatively lowest degrees of pleasure. If all the curves 
obtained for the same form of stimulus change have an entirely 
similar course, they may be accepted as giving a reliable expression 
of the dependency under investigation. We cannot predict a priori 
what will happen , but certain sets of experiments, taken by the senal 
method, on the aesthetic effect of figures seem to show that the 
course of the curve is not only constant for the same individual, but 
approximately similar for different individuals. An attempt has been 
made to bring these curves into relation with the absolute affective 
tone, by ascribing positive and negative values to the ordinates that 
expiess the degree of feeling, the pleasantness values being made 
positive, the unpleasantness values negative, and the o-ordinate the 
point of affective mdiffeience. But it follows from the foregoing dis- 
cussion that this procedure is not only dangerous, but, in view of the 
facts, incoiTect The judgments of different individuals and of the 
same mdividual at different times are, m their absolute affective value, 
exceedingly vanable It is, therefore, altogether irrelevant for the 
application of the serial method (until we obtain an accurate measure 
of affective change - cf 4 above) how high above the abscissae we place 
begmnmg and end, maxima and minima of the curve they must only 
be biought as far as possible into accord with the verdict of intro- 
spection From this point of view, we may regard affective change 
itself as a purely quantitative process, the maximum of which is given 
by the relatively most pleasant, the minimum by the relatively most 
unpleasant feeling. The various degrees of feeling intermediate between 
these limitmg values will then form an unbroken chain, and we shall be 
able to pass continuously from the one to the other, as we can m the 
colour tiiangle fiom a saturated colour to a pure white (§ 17. 5, 6) The 
discovery and exact formulation of these interrelations of the various 
feelings are most valuable. But it is equally desirable to be able accu- 
rately to detennine the qualitative significance of pleasurable and un- 
pleasurabie states This seems to be rendered possible by the method 
of expression, which thus supplements the senal method, as the test 
of sensitivity supplements that of sensible discrimination, 

7. (2) The serial method was first employed by Fechner, m his 

experimental investigation of sesthetics; the method of expression in 
its systematic form is due to Mosso. The various * expressive move- 
ments’, voluntary and involuntary, possess so obvious an importance 
as means for the expression of emotion, mood, impulse, — everything, 
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to make them the starting point of an experimental inquiry into the 
internal states of which they are the bodily manifestations. Good 
results have been obtained from observations of the change of pulse 
and respiration, of the variation m the volume of a limb, and of the 
extent of voluntary movements, under the domination of diiSerent 
feelings. No use can be made, on the other hand, of the vanous 
forms of gesture and of the manifold play of feature which serve to 
express affective disposition, for three reasons {a) It is difficult to 
turn them to experimental account They can be (and often have 
been) photographed, and so made permanent but that is all. (b) 
Their dependency upon the mil gives them a certain independence 
of feeling. And (^r) they aie mdicative not only of pleasantness and 
unpleasantness, but of concomitant ideational contents as well (cf 
§ 54) The facts which have hitheito been collected by the applica- 
tion of the method of expression render it probable that the changes 
in power and rapidity of pulse and respiration (indicated by the re- 
gistiation apparatus), the variation m volume dependent upon the 
supply of blood to the tissues, and the extent of voluntary move- 
ments (read off directly from a special instrument) stand m a quite 
uniform relation to states of pleasantness and unpleasantness (§ 37. i) 
It appeals, if we take the state of indifference as normal and regard 
pleasantness and unpleasantness as diverging fiom it in opposite di- 
rections, that all deviations from the corresponding physiological norm 
which we see reflected in these different processes, really give direct 
and simple expression to the affective state of the moment. (1) It 
is, therefore, necessary for an accurate employment of this method 
(and this is an undeniable difficulty), that the norm be determinable 
not only in a general way, but for every individual case and for 
every experimental series, as representing the indifference of affective 
disposition of the particular subject at the particular tune, 

8, This difficulty has hitherto received too little consideration 
The method has been employed for the determination of the more 
obvious expressive differences, whose existence could be demonstrated 
irrespectively of a strict standard of reference. But it can evidently 
give us absolute values for pleasantness and unpleasantness only under 
the condition that the * normal ’ reaction denotes an affective indifference 
of consciousness We must trust to future mvestigators to*estabhsh 
Its claim to rank with the other psychophysical methods more securely, 
by as accurate as possible a comparison of obj*ective and subjective, 
and of the various objective results with one another (ii) But there 
is a second difficulty in the way of its application, The'changes 
which have been registeied by observers so far are dependent not 
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only upon the affective state, but partly also upon other circun;" 
stances. We know, e.g,y that the rapidity of the pulse is liable to a 
certain .increase with increase in the rate of succession of auditory 
impressions, while consciousness may be affectively neutral, or the 
precedent pleasantness or unpleasantness remain stationary. It has 
been found, agam, that qmck movement shortens the period of pulse 
and respiration, and a whole senes of other physiological conditions 
of their variation might be given. If the method of expression is 
to furnish a trustworthy account of the feelings, we must be able to 
distinguish certamly between the physical changes due to affective 
fluctuation, and those produced by other causes, of whatever kind 
No general rules can be laid down at present, except that all external 
sources of error, accidental sounds, etc , must be as far as possible 
eliminated. (111) Agam, the method has hitherto been developed only 
along qualitative lines, it tells us nothing of the degree of pleasant- 
ness or unpleasantness (iv) And lastly, it is still an open question, 
how the feelings can be best evoked for examination. Two modes 
of procedure are possible We can obtain the desired effect by ex- 
ternal stimulation, or we can suggest the reproduction of certain sensa- 
tions or ideas, and so excite the pleasantness or unpleasantness which 
attaches to them In neither case (certainly not in the first) have 
we any means of determining a priori how much of the changes 
registered is the result of feeling, and how much the result of other 
processes set up by the stimulus or cential excitation It is dear, 
then, that much preliminary woxk is necessary, before the method of 
expression can be regarded as a safe and adaptable instrument for 
the experimental investigation of the affective consciousness. The 
serial method seems to have the advantage as regards perspicuity 
and reliability on nearly eveiy count But it, too, requires to be 
carefully checked on one point. It is hardly possible for the devel- 
oped consciousness, in presence of a series of forms, qualities, etc., 
to abstract entirely from the relations in which one or other of them 
must inevitably stand to its general stock of ideas (cf. § 75 4) It 
may, therefore, very well happen that an affective reaction is called 
forth not merely by the particular impression whose value in the 
series we wish to determine, but partly also by the recollection into 
which it^ is absorbed A green colour, eg, may be pleasing not in 
Itself, but because of the ideas of pleasant meadows and shady trees 
which it excites. If the curve which represents the affective value 
of a colour senes is made to include judgments of this kind, it will 
plainly bring together a medley of veiy heterogeneous, states. Fechner 
has drawn a useful distinction betv^een inUnisic and associaiwe affec- 
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live value^ which serves to keep the two classes of judgment separate 
The only direct means of preventing the interference of associative 
factors is to keep a careful introspective watch upon the process of 
judgment. Secondarily, however, the compaiison of different experi- 
mental series, taken from the same or from different subjects, may 
perhaps suffice for the detection of extianeous influences. 

Fechner distingmbhed three methods* the method of selection^ the method of 
production^ and the method of usage The hist is identical with that which we 
have termed the seiial method. In the second, the most pleasing impiession (visual 
figuie, IS ‘produced* by the subject himself (in the form of a drawing). The 
third consists in the compaiison and measuiement of the pleasing or displeasing 
relations actually presented by nature oi ait It is plam that only the first of 
these, our seiial metliod, has any general claim to rank as a real expeiimental method 
But no exact formulation has as yet been obtained even for it We do not Icnow, 
m pailicular, whether we may combine the judgments of different individuals to 
an average result, whether they can be employed simply for the determination of 
the relatively most pleasant impression, or can be used for the construction of a con- 
tinuous curve of affective values, whether m this latter case the particular degrees 
of pleasmgness should be specially defined, etc, etc The method of production 
IS a useful supplement to the senal method, if the conditions for the application 
of the allied method of average error (§ 8 9, ii) are observed — While the 
methodology of sensation has already attained a certain measure of finality, that 
of feeling is still lamentably deficient But there is good hope that the feelings, 
variable as they are, can now be subjected m their turn to an accurate and 
detailed examination, with similarly successful result 


§ 36. The Attributes of Feeling, 

I. We use the phiase ^attnbutes of feeling’ in precisely the same 
sense in which we spoke of attnbutes of sensation (§ 4. i). That is, 
we understand by them certain inseparable characteristics, which attach 
to every individual feelmg, and whose disappearance implies that of 
the feeling itself. All feelings have the attnbutes of quality , intensity 
and duration. The terms are identical with those employed to designate 
the attributes of sensation, except that extension, which we ascribed to 
visual and tactual sensations, cannot be predicated of any class of 
feelings. ‘Quality’ is, again, the name of the most important and 
fundamental attnbute; the qualitative definition of feeling consists in 
its cognition as pleasantness or unpleasantness ‘Intensity’ denotes 
the degree of vividness at which a pleasantness or unpleasantness is given 
in consciousness, and ‘duration’ is the elementary temporal character 
of a feeling. In view of the facts of the previous Section, we cannot 
hope to determine these attributes as positively and comprehensively 
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as we could those of sensation, or at least of sensations of peripheral 
origin. 

(i) This expectation is confirmed at once when we enter upon the 
consideration of the quality of feeling, Psychologists agree that 
pleasantness and unpleasantness are qualitative differences, but they 
are by no means at one upon the question whether the terms are 
simply classificatory concepts, covering a variety of qualitative differ- 
ences, or individual concepts, expressive of an ultimate qualitative 
divergence. An unlimited number of qualities of pleasantness and un- 
pleasantness IS as axiomatic to one as a simple duality of affective tone 
IS to another. It is hardly possible at the present time to reach a 
final solution of this basal pioblem. From the point of view of method, 
however, preference must be given to the second view it is the more 
simple, and it avoids the unscientific use of ‘feeling’ as denoting a 
content which the observer cannot or will not subject to a careful 
analysis. In ordinary phraseology everything may be a ‘feeling’ or 
depend upon a ‘feeling’; we have a ‘feeling’ that something is right 
or true, we ‘feel’ for ourselves and others, etc If we introduce into 
psychology this custom of terming everything a ‘feeling’ which is not 
obviously something else, we run the nsk of stopping short in our 
analysis whenever we come upon a process which m any way suggests 
the word. This source of error is eliminated where pleasantness and 
unpleasantness are regarded as the only qualities of feeling 

2 From this point of view it seems fair to say that the onus prohandt 
m the question at issue lies with the psychologists who accept a plurality 
of pleasant and unpleasant tones Those who simply assert that the 
difference between pleasantness and unpleasantness is a diffeience of 
quality, need have no fear of contradiction ; this fact is fundamental 
for any hypothesis as to the nature of the feelings. But those who 
pass beyond it to the assertion of an unlimited number of qualitative 
varieties, may reasonably be called upon at every step to bring evidence 
for their position from the facts It will, therefore, only be necessary 
here to examine into the validity of the arguments by which the 
second view is supported. What follows ls simply supplementary to 
what was said above (§ 35. i, 2, 3) of the classification of the feelings. 

{ci) The most oh\ious theory attributes a peculiar affective quality 
to every jrjuality of sensation (cf. § 34. 6). The feeling of a ‘blue’ 
would then be different from the feeling of a ‘red’, and the affective 
reaction to colours in general different from that to sounds. But this 
would mean that every sensation had two different affective tones, one 
bearing a* general character of pleasantness, the other a general char- 
acter of unpleasantness. For every sensation quality may be either 
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pleasant or unpleasant, according to the intensity of stimulus and the 
total state of consciousness. Now it is hardly credible that there 
are twice as many qualities of feeling as there are of sensation. If 
there were, the difference between extreme terms within the affective 
system would surely be so distinct that no doubt could exist in regard 
to it The most unmusical ear, te, an ear of the lowest discriminative 
capacity, finds a difference between a note in the bass and a high 
tone in the treble If there really are so many different feelings, and 
if they are so much alike in different individuals as they appear to be, 
it is unpossible that their difference should not manifest itself, of its 
own accord, in introspection. It may be objected that the sensation 
differences, which undoubtedly exist, obscuie the finer divergences of 
feelmg. But colouis, as we saw (§ 17. 3), are always connections of 
simple qualities, brightness and colour tone ; and yet we are none the 
less able to estimate the separate vai ration of either constituent. 
Lastly, it is scarcely conceivable that, with so many separate qualities 
of pleasantness and unpleasantness, what must be regarded as the 
abstract difference between pleasantness and unpleasantness m general 
should be so much more distinct than any instance of difference given 
in the concrete. 

3. {b) If we restrict the discnminable pleasantnesses and unpleasant- 
nesses to certain groups of sensations, we obtam no more support from 
the facts, while we have absolutely no principle upon which to rely 
for guidance. It cannot be said, that high tones possess a dif- 
ferent affective character from deep tones (1) because the musical 
representation of a particular mood is not effected by the employment 
of tones of any particulai pitch, and (11) because all the differences 
that really exist are easily explicable from certam temporal and intensive 
pecuhanties of the sensations. We know that high tones can be given 
in more rapid succession, without fusion, than low tones, hence they 
are in general better adapted for quick rhythms. The impression of 
giavity and dignity made by deep tones is, therefore, a consequence 
of the relative slowness with which they must succeed one another, 
in order to be distinguishable. This dignity or gravity, however, does 
not point to any specific feeling, but rather to a certain caniage of 
the body (with its concomitant organic sensations) and a preponderant 
disposition towards unpleasant feelmgs. In the same way, tli^ ‘cheeifur 
character ordiuanly ascribed to high tones indicates their frequent 
emplojmient m quick passages, a correspondmg attitude and mobility 
of the body, and a predominant disposition to pleasant feelmgs. But, 
as we said just now, either region of the tonal scale may" be drawn 
upon for the representation of either mood. Brahms, the greatest of 
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modern composeis, often makes use of very high intervals, combina- 
tions of the highest and lowest tones, for the expression of a deep 
seriousness The distinction of ‘grave’ and ‘cheerful’ tones, then, 
cannot be accepted as implying a distinction of specifically dififereut 
afiPective qualities And the same is true of the ‘warm’ colours of 
the long-wave end of the spectrum, and the ‘cold’ colours of the 
short-wave end There is a tendency to connect red and yellow with 
passionate excitement, and blue with a quiet circumspection But apart 
from the fact that this interpretation of the ‘warm’ colours is by no 
means constant, we cannot admit that a ‘mood’, here or elsewhere, 
denotes a specific affective quality. It is not a simple conscious process 
at all, but essentially a complex of organic sensations, plus a disposi- 
tion towards certain feelings occasioned by (or correlated with) them. 
The excitement into which we aie thrown by warm colours is pnn- 
cipally due to the more mobile attitude of the body, and this is con- 
nected with a disposition towards pleasurable feelings In presence of 
cold colours, on the other hand, we experience a certam evenness of 
mood, resulting from the steadiness of bodily carriage, and indicative 
of an indiffeience of afifective disposition. 

4 (c) The attempt to prove the diversity of pleasantnesses and 

unpleasantnesses by purely formal aiguraent is still less successful 
Thus it has been asserted that the abstract concept, pleasantness or 
unpleasantness, must of necessity be disci iminated from the concrete 
expel iences which fall under it But such a statement merely begs 
the question, whether the two concepts, as qualitatively regarded, 
are classificatory or individual, {d) Again, it has been urged that 
both intensity and quality of stimulus exercise an influence upon the 
feelings, and that every feeling is therefore variable in two directions. 
Now this inference can be made the ground of acceptance of the 
‘ diversity ^ theory, only if the variability attributed to feeling transcend 
the indisputable qualitative duality, accepted by all theones ahke 
(cf 2, above) But a twofold dependency upon stimulus does not 
necessarily carry this implication with it. We were obliged to correlate 
the qualities of the bnghtness series, in visual sensation, and the 
qualities of warmth and cold, in temperature sensation, with a stimulus 
senes capable of only intensive or quantitative gradation. So here, 
the relations obtaining between character of stimulus and attnbutes 
of - feeling may be of the most various kinds. As a matter of fact, 
we find that pleasantness and unpleasantness are correlated not only 
with different qualities, but with different intensities : a simple increase 
of stimufus intensity will change pleasantness into unpleasantness 
An aprionstic determination of the number of affective qualities on 
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this basis, is, therefore, altogether impossible, {e) Lastly, the fact 
that we can distinguish pains which arise in the internal organs of 
the body as stabbing, gnawing, burning, etc., has been looked upon as 
evidence of quahtative differences within the state of unpleasantness 
The evidence is not convincing, however, because the orgamc sensa- 
tions which are also excited within the body (cf. §§ 22, 23) furnish 

sufficient explanation of the distinction At the same time, it is 

possible that pain must be recognised as a special category of 
sensation, distinct from unpleasantness which is contained in and 
expressed by it, and originated as a rule by very intensive stunulation 
of any sensoiy nerve (cf. § 10. 4). But even in this case, there would 
be no qualitative differences within unpleasantness, but only within the 
specific pam sensation which combines with it m the concrete pain 
5. For the present, then, we have no choice but to adopt the 

view that the feelings possess no more than two different qualities, 

and that other differences must be referred to changes in duration, 
intensity, or concomitant sensations. The two qualities stand in a 
peculiar relation to each other* they are separated by a state of 
indifference, a neutral point. A stimulus on either side of this point 
will excite pleasantness or unpleasantness accordmg to its character. 
The existence of the state of mdifterence can hardly be doubted in 
face of a long series of observations which support it. For mstance, 
any impression, pleasing or displeasing, is apt to become indifferent 
if long continued. Very weak stimuli are naturally indifferent, unless we 
make them disagreeable by giving ourselves especial trouble to 
apprehend them If an originally pleasant stimulus intensity is slowly 
increased, there will be a gradual decrease of pleasantness, and, 
following that, a gradual increase of unpleasantness Introspection is 
not so clear, however, in this case, as to the line of demarcation 
between pleasantness and unpleasantness, the stage of indifference. 
It has even been argued, from an experiment of the kind (the gradual 
hearing of a vessel of water in which the hand is plunged) that the 
neutral point is altogether imaginary. The argument does not hold. 
For (i) the whole process is, in all probability, too short for the 
determination of a period of such narrow limits, (ii) Again, the 
different portions of the hand have not an equal sensitivity to tem- 
perature; so tffat one part may still be mediating a pleasant warmth, 
while others have become mipleasantly hot. And (iii) we may observe 
the transition from cold to heat in a similar experiment, without 
noticing the interval of indifferent temperature ^ On the whole then, 

1 I myself, at least, have been unable to venfy the occurrence of a neutral tem- 
perature in such an expenment. 
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we may regard the indifference of feeling as an established fact. 
This implies, of course, that there are sensations which are neither 
pleasantly nor unpleasantly toned, — a statement which is sufficiently 
justified by a leference to the mdifferent ideas and actions of every- 
day life It is hardly necessary to emphasise, in conclusion, the 
theoietical importance of affective mdifference We saw that the 
method of expression is dependent upon its determination (§ 35. 7, 8), 
i e , that the experimental investigation of the feelings is largely 
based upon the assumption of its reality and graphic representability. 
But besides this, a certain direction is given to our theoretic ideas 
of the origin of the feelings by the fact that pleasantness and un- 
pleasantness cannot appear or subsist side by side, like two colours 
01 tones or tastes, but are antagonistic to each other, arising from a 
change of the ‘normal’ process in opposite directions (cf. § 39. 7). 

6 (2) The intensity, like the quality, of feeling can be exactly de- 

fined only by its 1 elation to indifference The greater the distance from 
this in either direction, the gi eater is the pleasantness or unpleasant- 
ness Neither can be increased indefinitely, so that we can speak of 
a maximal pleasantness and unpleasantness, as the analogues of the 
terminal stimulus m the sphere of sensatmn (§ 24 2). We may also 
introduce the concept of the limen, defining the just noticeable devi- 
ation from indiffeiencc as a liminal pleasantness or unpleasantness 
Any change in the position of the ucutuil point carries with it a change 
in the 1 elation of aflective intensity to stimulus, but, so far as we can 
judge fi om the observations extant, produces no alteration in the mutual 
lelations of the particular pleasantness or unpleasantness intensities. 
We may, therefore, conceive of the course of feeling as dependent m 
its totality upon external and internal conditions This means a 
considerable simplification of affective investigation for a single 
determination will be sufficient to indicate the course of feeling in 
general. If we find, e that a stimulus excites pleasure to a definite 
noticeable degree, it is at once possible (provided that this degree is 
capable of numerical ex|3ression) to calculate the position of the neutral 
point and of the various degrees of unpleasantness. The most useful 
determination for an exact definition of the pleasant or unpleasant 
character of a given conscious process is plainly that of the underlying 
affective indifference. At the same time, the determination of the 
relation of affective intensities to one another does not seem to require 
any reference to the point of indifference, any more than to pleasant- 
ness or unpleasantness absolutely regaided. At piesent, we can only 
speak in <the abstract of an affective limen or of maximal pleasantness 
or unpleasantness, since no experiments have been made with a view 
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ta their quantitative expression, and the pain limen (which has been 
frequently determined) cannot be considered either as the limen or 
the maximum of unpleasantness 

§ 37. Results of the Method of Expression. Dependency 
of Feeling upon the Attributes of Stimulus. 

1, (i) The results of the method of expression furnish practically 
all the material available for an expeiimental treatment of affective 
quality. There are foui bodily processes, which appear to stand in a 
functional relation to pleasantness and unpleasantness . voluntary move- 
ments, which can be read ojGF from the dynamometer; changes of 
pulse, which are registered by the sphygmograph , the nse and fall of 
the chest in inspiration and expiration, registered in a very similar 
way by the pneumatograph , and variations in the volume of a limb, 
recorded by the plethysmograph. The employment of the plethys- 
mograph has the advantage that the instrument registers the periodic 
oscillations of pulse and respiration, at the same time that it records 
the alteration of volume due to blood supply; though it does not 
render the use of sphygmograph and pneumatograph superfluous. Now 
the amount of work done by a muscle is entirely dependent, other 
thmgs equal, upon the intensity of the motor central innervation; the 
height of the curves of pulse and respiration upon the innervation of 
the cardiac and respiratory muscles , and the blood supply of a particu- 
lar organ upon the dilatation of the peripheral blood vessels and so 
upon the innervation of the vascular muscles. This shows, that all 
the phenomena which have been taken as expressive of feeling are 
conditioned by some group of central influences, governing central 
motor innervation. These influences, then, will be the real physiologi- 
cal correlates of the feelings The phenomena evidently owe their 
especial value for the expression of feeling to the fact that they are 
capable of variation from a norm (itself variable) in two different 
directions On the one hand, innervation may be intensified, and the 
curve of respiration or pulse heightened or quickened, or muscular 
work increased ; on the other, innervation may be inhibited or dimin- 
ished, and pulse, respiration and muscular force weakened. We may 
accordingly conjecture that the feelings will find more or less simple 
and direct expression in these opposite tendencies. 

2. As a matter of fact, the expenmental results go far to confirm 
this conjecture Unfortunately, however, they {a) wear an appear- 
ance of complexity, due to the very different character of Certain of 
the primary and secondary phenomena, and {b) are not altogether 
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unequivocal, some of the effects obseived under the four rubrics 
being referable to different causes For instance, the innervation of 
the cardiac and respiratory muscles may be mediated by excitatory 
or inhibitory neivcs, the blood vessels may be arterial or venous, their 
nerves vasodilator or vasoconstiictor, while the excitation of the different 
centres for the motor nerves concerned may be directly or refiexly set 
up To take a concrete case increase in the blood supply of the arm, 
recorded by the plethysmogiaph, may proceed from a dilatation of 
the veins and arteries, it may be produced directly by innerva- 
tion of the vasomotoi centre (perhaps from higher centres) or re- 
fiexly, € by alteration of the cardiac activity; it may result from 
an inhibition or diminution of excitation of the vasoconstrictors or a 
special excitation of the vasodilators. The facts as observed do not 
warrant a positive decision in favour of any one of these possibilities, 
and consequently no statement of the cential conditions of the phe- 
nomenon can be anything more than hypothetical So that although 
we spoke just now without qualification of an intensification and inhib- 
ition of motor innervation, it cannot be assumed at the outset that 
these opposites are definitely correlated with the qualitative opposites 
of feeling. The method of expression must at any rate be much 
more fully investigated, before we can say anything positively of the 
conditions of the processes directly recorded and observed. More- 
over, the diffeiences between the primary and secondary phenomena 
repiesented on a curve of unpleasantness render the interpretation of 
the facts additionally difficult 

3 The experimental results are as follows (i) Pleasurable states 
are regularly accompanied by increase of the force of voluntary mus- 
cular action, and unpleasurable states as regularly by its diminution. 
If we may assume that the conditions here are of a purely central 
kind, the result is relatively unequivocal; the first case apparently 
presupposing an increased, and the second a diminished excitability 
of the motor centres (11) Pleasurable feelings are regularly evidenced 
by increased power, though not by any constant acceleration of pulse 
The first effect of unpleasant feelings is generally a weakenmg of the 
pulse, without any necessary reduction of its rapidity, and this is 
followed, not by a simple return to the normal, but by increase 
beyond it. The difference between the primary and secondary phe- 
nomena of unpleasantness seems to be proportional to the strength 
of the excitatory impressions. Whether this depends upon the un- 
pleasantness or upon the intensity of stimulus can haidly be decided 
(ill) The lespiratory curves show a similar divergence. Pleasurable 
feelings usually mean an increased depth of respiration, shown by 
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the greater amplitude of the curve Unpleasant feelings, again, give 
somewhat more complicated and ambiguous phenomena If the stimuh 
are weak, they first of all effect a diminution of the depth of respira- 
tion, which IS afterwards replaced by an abnormal increase If the 
stimuli are more intensive {e g , very disagreeable tastes or smells), this 
stage of increased depth of respiration appears suddenly as the 
almost immediate result of stimulation, its permanence and amplitude 
being proportional to the strength of the stimulus: then follows a 
relaxation indicated by a lowering of the lespiiatory curve Here 
again, we do not know how much is the consequence of the inten- 
sive stimulus as such, and how much is to be ascribed to the unpleasantness 
So that it IS no moie than conjecture to make the relative decrease 
of depth of respiration the real functional expression of the feeling 
of unpleasantness In all probability, pleasme has the same two 
stages of expression (only in the contrary direction), and it is merely 
due to the small intensity of the pleasurable feehngs experimentally 
aroused that they have not been remarked, (iv) Pleasurable states 
are ordinanly attended by an increase of volume, 2 e,, a dilatation of 
the peripheral blood vessels, and unpleasant states by a duninution 
of volume, le , constriction of the peripheral vessels. 

4. We cannot here enter upon a detailed discussion of these phe- 
nomena, and the various possibilities of their interpretation ; but we may 
endeavour to formulate a general hypothesis from which the experimental 
results can be deduced with some degree of simplicity and probabi- 
lity It would seem that the universal concomitant of a pleasurable 
state IS an increased excitability of the sensory and motor areas of the 
cerebral cortex. This appears to be a necessary inference from the 
fact that weak or moderately intensive stmuli, which increase the 
excitability of the nervous centres, ordinarily give nse to pleasurably 
toned sensations (§ 34. 6) It would seem, on the other haiid, that 
the universal concomitant of an unpleasurable state is a dimmution 
of central excitability in the motor and sensory spheres. This view 
is supported by the familiar fact that more mtensive stimuli, which 
are ordinarily unpleasant, bring about a reduction of nervous excita- 
bility. Introspection affords a confirmation of the general hypothesis. 
In a pleasurable state, we usually find an acceleration of the 
train of ideas, an increased tendency to movement, a greater facility 
in the apprehension and estimation of perceptive material; in an un- 
pleasurable state, a retardation and restriction of the course of 
ideation, a diminished disposition to voluntary and involuntary move- 
ment, and a difficulty of disciimmative perception. And lastly, obsei- 
vahons upon mania (in which there is excess of pleasure) and melan- 
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cliolia (m which there is constant unpleasantness) point to the fact 
that the ultimate physiological equivalent of a pleasurable state is the 
increase of excitability followmg from a dilatation of the blood vessels 
which supply the brain, while the ultimate physiological equivalent of 
an unpleasurable state is the lastmg diminution of excitability con- 
nected with constnction of the central vessels. We must, therefore, 
suppose that the increase of cardiac and respiratory activity and of 
voluntary movement, obseived m the expenments, is a simple conse- 
quence of the heightened excitability of the pleasurable state, while 
the corresponding decrease of these motor phenomena is the direct 
consequence of the lowered excitability in the unpleasurable state. 
The increase or reduction of volume, on the other hand, may be 
regarded as a reflex result of the increase or reduction in caidiac 
activity, and the secondary phenomena m unpleasantness as the reflex 
motor effects of intensive stimuli. It must be remembered, however, 
in the latter connection, that the first effect of a dimmution of blood 
in the caJpillanes of the brain is probably an increase of excitability, 
which passes later into a more or less marked decrease. 

5, (2) The serial method has been employed hitherto only m con- 

nection With the temporal and spatial aspects of stimulus. No really 
systematic expenments have been made on the relation of its quality 
and intensity to feeling. We must therefore attempt to determine this 
from the more occasional observations of everyday expenence. (<z) The 
quality of stimulus seems to be of some importance for feeling m all 
sense departments ; certain qualities are distinctly preferred to others 
of the same sense, quite apart from individual variation. Deep tones 
are ordinarily more pleasant than high tones, e,g , and the very highest 
are as a rule positively disagreeable. Many persons find the colours 
of greater refrangibihty than green more pleasant than those of less 
reffangibihty (red and yellow). Yellow in particular is almost xmiversally 
regarded as the least agreeable colour Sweet is usually considered the 
relatively most pleasant taste, and bitter the relatively most unpleasant 
Scents are so closely connected with feeling that they are commonly 
divided into agreeable and disagreeable As we have no scientific 
principle of classification of the olfactory quahties (§ 13. 3), it is im- 
possible to state with any further degree of accuracy which are pleasant 
and which unpleasant. In the sphere of cutaneous sensation, warmth 
is generally more pleasant than cold; pain is decidedly unpleasant; 
and smoothness and bluntness are preferred to roughness and sharp- 
ness. The organic sensations, again, are so intimately and constantly 
connected with feeling, that the resultant complexes (moods and emo- 
tions) have only recently been analysed" Into their components. We 
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have no means at present of drawing up a scale of qilalities, and cannot 
therefore reduce the complicated interrelations of the two to any simple 
schema It appears, however, that all the qualities of organic sensa- 
tion, but those of the common sensations m particular, can combine 
with relatively vivid feehngs, and that the moie intensive the sensation, 
the more distinct is its affective colouung The articular sensations 
are perhaps less maikedly affective than the tendinous and muscular, 
and these again, perhaps, than hunger, thirst, etc 

6 . We cannot say at present why it is that a paiticular quality 
calls forth a particular affective reaction, since we have no knowledge 
of the physiological effects of the different stimuli But the fact that 
no stimulus is absolutely and always a stimulus of pleasantness (§ 34. 3 , 
§ 35 4) seems to show that the differences m the affective influence 
of particular stimulus qualities must be referred m the last resort to 
differences of quantity or intensity. In other words, the dependency 
of the feelings upon the quality of stimulus must probably be narrowed 
down to a dependency of the point of indifference 01 of the affective 
limen A high tone will pioduce the same effect upon feelmg as a 
low tone, on this view, if it is given at a certain difference of mtensity 
from the low tone Or a very large dose of sweet will produce the 
same unpleasant effect as a very small dose of bitter. It should, there- 
fore, be possible, by suitable gradation of stimulus mtensity, to obtain 
affective equations expressive of the influence of quality. And it might 
then be conjectured that the variotis qualities at the same intensity 
set up quite diffeient physiological processes. Unfoitunately, the 
hypothesis cannot be applied m detail, as there are no observations 
extant upon the point, either psychological or physiological. We will 
therefore assume, for simplicity’s sake, that the different stimulus qua- 
lities have different effects, positive or negative, upon the excitability 
of the cerebral cortex , and that the mtensity necessary for its increase 
or decrease, is very different for different stimuli. There is no need 
to justify this particular formulation (cf. 4, above) —Only one stimulus, 
again, can be regarded as absolutely and always a stimulus of un- 
pleasantness— that of pain But the stimulation is, of course, very 
intensive ; consisting either m a direct alteration (mechamcal, electrical, 
thermal, or chemical) of the sensory nerve fibres, or a very strong 
excitation of the sense organ itself. Nevertheless, it may run^its course 
also without unpleasantness, if the excitability of the central nervous 
substance is artificially diminished {e g ^ by chloroform) or has been 
reduced by disease \e,g^ tabes do 7 salts) We then have analgesia, a 
state of painlessness, m which an ordinarily painful irGpression, 
say, a needle pnek, 13 sensed simply as pressure or contact. 
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7 {}}) The great impoitance of stimulus intensity for pleasantness 

and unpleasantness is vouched for by the result of the foregoing dis- 
cussion of the relation between feeling and stimulus quality It is 
usually summed up m the following rule weak to moderately strong 
stimuli excite pleasantness, stronger stimuli unpleasantness (§34 6 ; 
cf. 4, above). But this law cannot lay claim to universal validity, since 
it says nothing of the influence of quality , and it is very variously 
applicable in different circimistances, being crossed by the more general 
conditions of the affective consciousness (§ 39) It is ladically wrong 
in correlating the appearance of the two feeling qualities with particular 
stimulus magnitudes, however relative then definition. We can only 
repeat here what we have said before, that no stimulus intensity is in 
itself provocative of pleasantness or unpleasantness ; and that conse- 
quently difference in intensity can be accredited only with a relative 
importance as determining the degree of feeling under otherwise equal 
conditions. If a weak stimulus excite iffeasantness, at a greater inten- 
sity it may either increase pleasantness, or decrease it and ultimately 
change it to unpleasantness, according to the position of the neutral 
point. It cannot be ^ ^ 

said that a stimulus, to • \ ’ 

produce increase or de- 
crease of pleasantness, yy \ 

must be of this or that ^ — 

particular strength or / 

wealeness in the particu- / \ 

lar case. — The ordinaiy / \ 

course of the affective / \ 

reaction, as depicted ml \ 

the psychologies, is as \ 

follows a very weak, 

but sensible stimulus has 

no noticeable effect upon 

feeling ; as its intensity increases, the limen of pleasantness is reached 
and passed, and maximal pleasure attained , from this point the 
intensity of feeling decreases up to the stage of indifference ; and this 
m turn gives way to a liminal unpleasantness, mcreasmg by degrees 
to maxinial unpleasantness. Wundt has represented this course by a 
curve, which is reproduced in Fig. 8 The various points of the line 
denote stimulus intensities, from the zero-value, Xj to an intensity 
beyond that of the terminal stimulus, xt. The oidmates give the 
intensity lof pleasurable (calculated in the positive direction, above xx^) 
and unplesaurable (negative, belosv x,x') feeling The continuous curve 
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shows the increase of sensation intensity, a is the stimulus limen, 
e the neutral point, c the caidmal sensation value (the value at which 
sensation increases in direct proportion to stimulus intensity). Wundt 
conjectures that maximal pleasure coincides with this cardinal value of 
sensation. The dotted curve, lastly, indicates the course of feeling. 

8. The validity of this schema and the interrelations of the 
vanous affective stages have never been subjected to a thorough 
expeiimental test We may hope that the serial method in particular 
will assist us to a moie accurate formulation of the dependency of 
feeling upon intensity of stimulus. An absolute estimation of the 
affective value of a stimulus intensity leaves too much to the temporary 
disposition and purpose of the individual, and so cannot be relied 
upon as an index of its pleasantness or unpleasantness. That intensity 
of stimulus is of great importance for feeling is put beyond all doubt 
by facts of everyday occurrence in ordinary hfe And certain effects 
of (c) the temporal relations of stimulation are reducible to it. We have 
more than once remaiked that the duration of a stimulus may 
produce the same result m consaousness as its intensity (§ 17. 2, etc ). 
We may now bracket with duration the frequent repetition of stimula- 
tion, intermittent excitation. Both duration and frequency exert an 
influence upon sensation, but to nothing like the same degree as 
upon feeling. A weak stimulus, which at first is hardly pleasurably 
toned at all, may if it persists call forth every form of the affective 
reaction, up to maximal unpleasantness. And the influence of inter- 
mittent stimulation is even more marked. It accounts, for the 
unpleasantness of tickling (§ 23. 3), of flickering lights, and of beating 
tones (§ 14. 3) The stimulus may at first be pleasant (as is often 
the case, e,g^ with tickling); but this primary effect of weak stimulation 
very quickly changes to the opposite quality. It is noteworthy that 
all these modifications of stimulus— intensity, frequency and duration — 
are familiar to neurologists as conditions of central excitabihty* 
As a general rule, stimuli which are weak to moderately strong, of 
short duration, and of infrequent recurrence, increase excitability, 
while those which are very strong, which persist for a long time, or 
which recur at brief intervals, decrease it (cf. 4, above). Here js 
further evidence, then, of the importance of central excitability for 
the affective consciousness, 

§ 38. The Elementary .Esthetic Feelings. 

I. The temporal relations of stimulation produce a quiffe different 
effect upon feeling, when the temporal attribute as such is the object 
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of peiception and judgment, 2 <?„ when pleasantness and unpleasant- 
ness are their direct, and not simply their indirect results Their 
affective* influence is then altogether independent of that of the other 
stimulus attributes. The same is true of the spatial relations of 
stimulation, which also seive within certain limits (§ 17. 2) merely to 
increase or replace intensity. The sjDheie of this special influence is 
that of the elementary assthetic feelings; the sphere in which the 
serial method has found its most extensive application {§ 37. 5). 
Ever since there have been woiks of art, paintings and statues, 
capable of excitmg pleasure by the arrangement and propoition of 
tlieir constituent paxts, and ever since the preference of one time 
order over another has shown itself in the rhythmical succession of 
movements, words and tones, the msthetic judgment has been mamly 
founded upon the mind’s appreciation of the temporal and spatial 
relations of its impiessions. Both lie beyond the limits which we 
have set hitherto to our treatment of affective vaiiation—the limits 
of a purely sensible dependency of feeling upon stimulus. A perfect 
square is more pleasing than a slightly imperfect square, although 
the area of the two figuies, the quantity of light which they reflect, 
the duration of their action upon the leiina — m a word, all the 
sensible attributes m virtue of which they could produce a difference 
m sensible excitation — are piecisely the same. And a rhythm in J 
time with accentuation of the first quarter note is generally more 
pleasing than an exactly similai ihythm with accentuation of the 
second or third, altogether irrespectively of the sensible effect of the 
total interval or the separate intervals, of the intensity of each note, 
etc The variation of feeling in these cases cannot, then, be referred 
to the power of stimulus directly to increase or decrease the degree 
of cential excitability. Important as that may be secondarily, in 
particular instances, the ultimate basis of the aesthetic judgment must 
be sought elsewhere. 

2. A further reason for this conclusion is given by the fact that 
aesthetics, the aesthetic attitude and j'udgment, is a historical develop- 
ment, not necessarily implicit in the sensible organisation- The 
pleasurable or unpleasurable effect of stimulus qualities and intensities 
can be traced in the animal mind as certainly as m our own, by the 
aid of unequivocal expressive movements; but aesthetic effect pre- 
supposes a certain degree of human civilisation. Again, the conditions 
of the aesthetic j'udgment difier widely from time to time, from nation 
to nation, from individual to individual; but this has no analogue, 
even approximately, in the sphere of sensible feeling. And lastly, 
the internal dispositions or conditions are of absolutely decisive import- 
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ance for the appearance ol aesthetic pleasure or displeasure, while 
they are far less significant for the feelings which depend upon 
stimulus. Everything points, then, to the origination of the* aesthetic 
feelings in central relations. Some light is thrown upon the nature 
of these relations by the slow development of the aesthetic feeling 
it is not often that it arises at once, like the sensible, as the simple 
and direct consequence of the impression. If we look a little closely 
into the contents of this interval of development, we find comparison, 
reflection, vacillatory judgment — in a word, a manysided activity of 
reproduction We may accoidingly conjecture that the aesthetic feeling 
onginates in a relation oj the perceived impression to the reproduction 
which it excites Our schematic representation of the course of feeling 
under the influence of stimulus intensity will then be applicable in 
the present connection Too little effectiveness for reproduction will 
produce no affective result, a greater, pleasure; too great, unpleasant- 
ness. Now if the relation between sensation and judgment (to pul 
it briefly) is the source of origin of the aesthetic feelings, the degree 
of facility and certainty with which judgment is passed must naturally 
have a part to play in their arousal , they may be brought into 
connection with sensible discrimination And this origin would serve 
to explain further why pleasure in the beautiful is ‘disinterested*. 
The reproductory effectiveness of a sensation has plainly nothing to 
do with a desire for the possession of the object which excites it 
3. Before proceeding to discuss still other consequences of our 
hjqDothesis, we will give a short summary of the results obtained by 
the serial method as regards the effect of the spatial relations of 
stimulus upon feelmg. Only one general remark needs to be made by 
way of preface. We are dealing here not with absolute spatial mag- 
nitudes, but with the relations of spatial magnitudes to one anothei 
The former topic has alieady been discussed by implication: ex- 
tension and duration (or frequency) produce the same impression as 
intensity (cf. § 37. 8). This fact is also of importance as indicating 
the distinctive position in which the sesthetic feelings ‘stand. But the 
category is wider than we have hitherto made it. We are able to 
appreciate the relations of qualities and intensities (more especially of 
qualities), quite apart from their absolute and separate sigmficance. 
The feelmg which is expressed in a judgment of this kind is also 
denominated an sesthetic feeling. Thus our judgment of the beauty 
of a picture may be essentially determined by the quahtative factoi, 
as well as by the spatial, indeed, the artist may even be led to dis- 
regard the latter in his striving for qualitative effect, as we see in the 
works, e ot Arnold Bdcklin. Unfortunately, no systematic expen- 
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ments have been made on this point. A serial investigation of the two 
great classes of visual quality, colour tone and brightness, indepen- 
dently and in their mutual relations, would be especially valuable.— In 
the same way, a connection of tones in a compound clang or a 
melody is the object of pleasure or displeasure, quite irrespectively of 
the affective value of the individual tone or clang When we speak of 
a melody as ‘ voluptuous etc., we have in mind the peculiar aesthetic 
effect of the qualitative relations which it employs, an effect which 
may persist unimpaired though the sensible clang stimulus as such is 
veiy gieatly weakened We may conj'ecture that the basis of the 
aesthetic feeling is the same in all these cases, as in those cited above 
The conjectuie is certainly borne out by the rules of aesthetic piac- 
tice in painting and music, so far as anytlung to the point can be 
learned from them. 

4. We may now entei upon a discussion of the uniformity discoveied 
for simple spatial relations The first maximum of pleasantness m 
the division of a straight line is given with the apparent equality of 
the two parts, i.e , with the apparent proportion i . i. Our visual 
sensible discrimination of length is relatively very accurate, and the 
aesthetic feeling is very sensitive to noticeable deviations from sym- 
metry. Thus, an objective bisection, which is not judged as a bisec- 
tion, in consequence of optical illusions or other constant sources of 
error, is not felt as pleasing, but as relatively very unpleasing. A 
second maximum of pleasantness in the division of a stiaight line 
occurs at the golden section In the proportion of the golden section, 
the smaller part (minor) stands to the larger part (major) as the larger 
to the whole line If we call the minor i and the major x, we 
have a simple expression for the golden section in the proportion 

i : X = X : 1 X, which gives an irrational number, x = Y ' 

The sign of the squaie loot is positive for a positive major, negative 
for a negative The ratio of minor to major is approximately 
I : 1. 61 8 Anthmetically, the right piopoition is more closely ap- 
proached, the farther the series 2, 3, 5, 8, 13,21,34,55. .(m which 

each term forms the sum of the two next before it) is continued. 
This series renders it quite easy to divide a line according to the 
golden section with practical accuracy, even without the aid of the 
construction familiar from elementary geometry. The interesting 
mathematical propeities of the golden division have frequently been 
discussed, but no one has called attention to its most important 
psychological characteristic, Le ^ to the fact that the ratio which it 
expresses is smiply a special case of the constancy of the relative 
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sensible discrimination, or of Weber’s law (cf § 7. 8; § 26), If this 
law holds for visual measurement, it is demonstiated that the division 
of a line at the golden section produces apparently equal differences 
between minor and major on the one hand and major and whole 
line on the other. 

5 As a matter of fact, Weber’s law has been found to hold foi 
visual measurements within certain limits (cf § 59). Unfortunately, 
sensible discrimination has not been investigated by the method 
required for a stiict compaiability of results : there has been no com- 
parison of the relations of three lengths to one another, and, more parti- 
cularly, no testing of sensible disci imination by the division of a total mag- 
nitude But we have seen (§§ 6,7) that a difference hmen determined 
by one of the methods of error or giadation may be regarded as a 
difference which is apparently equal to all other difference hmens. 
And if the relative ^S’s remain approximately constant, it may be 
assumed that apparently equal differences of supialiminal magnitude 
will correspond to equal objective relations. In that case, we have 
in the pleasmgness of the golden section simply the pleasingness of 
apparently equal differences. It represents, so to speak, a symmetry 
of a higher order. It is not surprising to find that deviations from 
an accurate division at the golden section are not so quickly or cer- 
tainly felt to be displeasmg as deviations from apparent equality, 
For (a) the estimation of the equality of differences appears always 
to be made with less assurance than the estimation of the equality of 
stimuli. And { 6 ) in the case of the division of a line, the conditions 
are peculiarly unfavourable to an estimation of the former kind. This 
explains why a deviation from Weber’s law, which has frequently been 
found in investigations of sensible discnmination, has but little effect 
upon the pleasingness of the golden section for feehng 

The same two maxima of aesthetic effect have also been observed 
in figures in which the proportions of symmetry and of the golden 
section somehow recur. Thus, the most pleasing rectangles are die 
apparent square 1:1) and the figure whose vertical and hori- 
zontal sides stand in the ratio of the golden section; the most pleasing 
ellipse is that whose two axes stand in this ratio, etc Constant eirors 
of overestimation or underestimation of distances, such as always 
attend, the comparison of horizontal and vertical lines, must, of 
course, be eliminated before the proportions are calculated. It is 
easy to determine the relative pleasingness of other linear divisions 
by intercomparison, and so to ^construct a curve, the ordinates of 
which express degrees of pleasingness, and the abscisssf^ stimulus 
proportions We need not here go into finther detail, especially as 
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the experimental investigations extant are by no means complete. 
We will call attention only to two other points: to the noteworthy 
fact that vanation of the absolute magnitude of the separate terms of 
a proportion does not influence the aesthetic judgment^ provided that 
it does not noticeably disturb comparison, and to the observation that 
if complicated figures are employed, presenting various pioportions for 
estimation, one or another is very apt to have no share in the aes- 
thetic impression, or to be overlooked in the aesthetic judgment It 
IS therefore, necessary for the experimenter to be extremely careful 
to define the real object of aesthetic appreciation. 

6. After this summary of the results of experiment upon the 
elementary aesthetic feelings, we may return to our attempt to gioiip 
them under an explanatory rubric (^2) We notice, in the first place, 
that the observations lend every support to our conjecture that these 
feelings are not due to simple sensible excitation, but to a relation 
between serisation and judgment, impression and reproduction. It may, 
perhaps, be objected that the pleasmgness or unpleasingness of the division 
of a line is determined by its influence upon eye movement. The 
pleasantness of apparent equality, we must admit, might possibly be 
conditioned in this way; but the hypothesis breaks down in face of 
the ordinary preference of division at the golden section to apparent 
bisection, and is obviously altogether inadequate to explain the occur* 
rence of similar proportions in rhythm We must lather suppose that 
the conditions ot aesthetic effect are not particular influences, valid for 
a single sense organ, but influences of a general nature, valid for sense 
impressions in general. There seem to be three principal factors in 
the production of the elementary aesthetic feelings. The first (x) is 
the determtnateness oj the reproductory effect of a sensation. The moie 
definite the effect, the more pleasing will the impression ordinaiily be. 
The second (ii) is the degree of facility with which reproduction is 
consummated Here we have the three familiar stages * the loo easy, 
which does not excite any noticeable feeling; the moderately easy, 
which excites pleasure; and the too difficult, which excites unpleas- 
antness (cf. 2 above). And the third (iii) is the relaiton hetiveeji the 
reproductory effect of the total impression and that of its separate consti- 
tuents. The greater the agreement between the two, the pleasanter 
does the impression appear. The co-operation of all three in the 
concrete case is sufficiently obvious (1) The judgment of the appa- 
rent equality of stimuli and stimulus differences (as we have remarked 
in another connection cf § 6. 4) is psychologically simple, unequi- 
vocally conditioned. The judgment ‘different,^ on the other hand, 
can be put into definite foim only by a special and laborious con- 
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nection of several judgments, which implies an extreme vacillation and 
uncertainty of reproduction on the part of the observer. Slight devia- 
tions from apparent equality are, therefore, particularly unpleasing. 
(11) Again, it is easier to cognise the apparent equality of stimuli 
than the apparent equality of stimulus differences. In the first case, 
cognition is on the bordeis of the ‘too easy,’ in the second it usually 
corresponds exactly to what we have called the ‘moderately easy,’ 
the pleasurable At the same time, this relation is not constant. 
If the figures aie veiy complicated, the judgment of apparent equality 
of differences may be too difficult. In that case, division at the golden 
section is not always found pleasant, or pleasantei than the apparent 
equality of the magnitudes or their complexes, (m) And lastly, with 
apparent equality of differences, the effectiveness of the total impres- 
sion for reproduction is entiiely coincident with that of its sepaiate 
constituents, inasmuch as these are reproductively active only in their 
mutual relation, and not m their own right. With the golden section, 
the single judgment ‘equal’ covers all proportions But with the 
apparent equality of the distances, the judgment ‘ equal ’ holds simply 
of the relation of the separate parts, while the relation of each of 
them to the total distance is expiessed by the ratio 1:2. The 
required agreement is, therefore, less with apparent equality of dis- 
tances than with apparent equality of their differences. This, again, 
serves to explain the customary preference of the latter in the affec- 
tive judgments. ( 5 ) And, finally, our general theoiy is confiimed by 
the fact that the constant error in the companson of spatial magnitudes 
is of determining influence on aesthetic appieciation. This clearly 
shows that it presupposes a relation of the sensations to sensible 
discnmination or sensitivity 

7. The view here presented has one obvious advantage * we obtain 
from it a quantitative fonnulation of the degxee of pleasantness or 
unpleasantness, which can always be tested by a direct appeal to the 
facts* Another of its good quahties, not so evident, perhaps, but none 
the less real, is that it can be put m the form of a psychophysical 
theoiy, and co-ordmated with the physiological interpretation which 
we gave above of the results of the method of expiession and the 
influence of stimulus intensity upon the feelings This appears most 
plainly with regard to our second principle. It is natural to posit the 
same differences of central excitability for the relative facility of a repro- 
duction as for the relative intensity of an impression. The dynamic 
tevival of previous excitations must also stand in intimate relation to 
the excitability of the nervous substance, and restriction tb a limited 
area and a slight expenditure of energy will produce a diffeiqnt 
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central effect from that of extension over a wide range and intensive 
action upon numerous centres of excitation. But the analogy with 
the effect of stimulus extends further, to the relative determinateness 
of a reproduction (our first principle) Indeterminate repioduction 
may be conceived of — and the interpretation is supported by introspec- 
tion — as an intermittent process, a vacillation between different judg- 
ments or reproductions. But intermittent stimuli excite unpleasantness ; 
and the di&agreeableness of an impression which gives rise to indeter- 
minate reproductions may very well have its source in the alternation, 
the restless oscillation of the activity of reproduction. We have a 
similar mtermittence of reproductory impulses, combined with oscilla- 
tion of impulses to movement, in uncertainty, hesitancy, doubt, etc*; 
and all these states are unpleasant moods or emotions Lastly, 
the third principle, the relation of the reproductoiy effect of the total 
impression to that of its separate constituents, points to an adjuvant 
or inhibitory function of different reproductions, exercised when they 
are given in juxtaposition We cannot at present form any definite 
conception of the actual mechanism of this reinforcement or inhibition. 
Apart from it, unpleasantness may be excited here, too, by an mter- 
mittence of reproduction, due to a divergence of the judgments 
suggested by the total impression and by its separate constituents — 
In this way we obtain a simple psychophysical interpretation of the 
elementary aesthetic feelings, which is again couched m terms of 
increase or decrease of excitability in the central organs (cf. 
§ 37 - 4 )- 

8. Something must be .said, in conclusion, of the applicability of 
our three principles to other relations than the temporal and spatial. 
Where quahties and intensities of sensation are the factors in affective 
excitation, the absolute character of the vanous stimuh will always 
play a large part in the result. But some importance must be attnb- 
uted, at least in many cases, to the relation obtainmg between im- 
pression and reproduction We prefer, a series of colours whose 
bnghtness is evenly graduated to a senes which shows irregular differ- 
ences of bnghtness. This judgment contains an aesthetic apprecia- 
tion, based upon the difference of reproductory effect in the two 
cases. Again, some tones are pleasant in combination, others un- 
pleasant or indifferent. This is also due (apart always from the 
sensible effect of the separate tones, or the possible occurrence of 
beats) to the relation of their reproductions, and more especially to 
the relative intensity of the excitation of the activity of reproduction 
by the total impression, as compared with its excitation by the indi- 
vidual tones or clangs. The affective result has nothing to do with 

17 
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the degree of hamony. The most harmonious tones are those whose 
vibration rates stand m the pioportion i 2, t.e., which constitute the 
octave But this interval hardly excites feeling at all; it is indifferent. 
The most pleasant interval for most persons is the major third, which 
is not so perfect a harmony. The reason must be, that the repro- 
ductory effect of the total impression is here appioximately equal to 
that of the separate clangs. In some cases the affective judgment is 
further influenced by the apparent equality of the differences in 
chords or tonal series. No one of these phenomena has been ade- 
quately investigated 

The principles are also applicable, mutaUs mutandis^ to the activity 
of memoiy and imagination, to the moral, logical, and religious 
feelings. The pleasurable feeling aroused in us by a valid judgment, 
a good action or a settled conviction, is capable of reduction to the 
relation between impulse to reproduction and reproductory effect: 
we cannot here enter into details The more complicated the object 
of affective appreciation, the less possible, of course, is it to decide 
a pnon what aspects of it will be effective, and, consequently, what 
will be the nature of the resultant feelmg. Moreover, as we have 
already remarked (§35 8), the associative factor is largely concerned 
in all the ‘higher’ feelings. This means that the agreeableness or dis- 
agreeableness of an experience is determined by the affective value wluch 
the ideas, judgments and actions excited by it possess for the individual. 

§ 39. The General Conditions of Feeling. 

I. By the general conditions of feeling we understand, in the first 
place, the processes indicated by the terms attention, expectation, 
habituation, fatigue, etc. (cf. § 5). In connection with the attention 
we must also take account of the influence of will, and of the various 
individual dispositions of the affective consciousness And lastly, we 
must examine mto the apparent dependency of the feelmgs upofi one 
another. 

(i) (a) We begin with attention. The relation of attention to sensi- 
tivity and sensible discrimmation has already been discussed (§ 5 2, 3) 
We found that its influence was distinctly favourable it increased the 
clearness, vividness, and reproductmty of sensations. We shall, there- 
fore, be justified m supposing that a definite influence upon feehng 
accompanies these effects upon sensation. And we find, as a matter 
of fact, that attention is equivalent in its effect to an intensification of 
external stimulus. A weakly pleasurable feelmg is mtensified by the 
direction of the attention upon its concomitant sensations, and an 
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impression which stands on the bordeiline between pleasantness and 
unpleasantness may be made unpleasant by an intense concentiation 
of the attention upon it. In a certain sense, then, attention is a 
favourable condition for the feelings as it is for sensation. But, cun- 
ously enough, the result is quite different if attention is turned upon 
the feelmg itself. It is a familiar fact that contemplation of the feehngs, 
the devotion of special attention to them, lessens their intensity and 
prevents their natural expression. This diminution of intensity does 
not consist in a reversal of the course of feeling under mtensificatory 
influences (§37 7), but in a tendency of the affective contents to dis- 
appear altogether, to make way for the state of indifference. It 
would seem that attention never transforms an unpleasantness into a 
pleasantness Such, at least, is the author’s experience. 

2 Attention, then, is adverse to the feelings, when concentrated 
directly upon them, ie^ produces quite different results upon feelmg 
and sensation. The fact needs further investigation, preferably by the 
method of expression It is of great importance for a theory of the feel- 
ings. There appear to be only two possible explanations of it, and they 
are closely related. (1) We might suppose that the direction of the atten- 
tion upon the feeling accompanying a sensation is equivalent to its diver- 
sion from the sensation The further consequences would then follow of 
themselves, if we assume that feeling is in some way dependent upon 
sensation. The diversion of attention from the sensation renders it 
less vivid and distinct, etc,; the feeling, which is dependent upon 
these attributes of sensation, must therefore undergo a similar modifi- 
cation. (ii) If, on the other hand, feeling is regarded as a product 
of the co-operation of sensation and attention, it is plain that diminution 
or alteration of the second factor will have the same effect upon 
feehng as obscuration or alteration of the first. The only difference 
(it will be noticed) between the two h3qiotheses is that the latter gives 
attention a definite share in the origination and direction of the 
feelings In neither case is it meant, of course, that sensation and 
attention as such, ie^ as experiences, condition feeling; the words 
are merely used to cover psychophysical piocesses which stand m a 
determinate relation to the psychophysical process of feeling* It is 
difficult to decide, at present, between the two views, as the facts 
can be brought equally well under either. But as within certain 
l imi ts (defined by the intensity, number, and reproductory effect of 
sensations: § 75) we can concentrate the attention upon any one 
sensation to the exclusion of others, it is certainly fair to jnfer from 
its relatioTi to feehng that the feelings stand m a closer connection 
with sensations than these with one another. 
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3. A decision can be reached only by way of an exact determina- 
tion of the effect ot the direction of the attention upon feeling. 

I made a series of sphygmographic experiments upon this point, which seem to 
throw some hght upon it, although they have no claim at all to be regarded as 
final. The attention curve (I use this expression for the sake of brevity to 
denote the sphygmogram obtained when the attention was directed upon a feeling) 
showed a constant approximation to the normal curve (curve of indifference, taken 
before the expenments) only m the case of pleasurable feelmgs On the other 
hand, the slowmg of the pulse dunng the course of an unpleasant feeling was 
increased by an affective direction of the attention The subject often insisted 
that the feehng had altogether disappeared under attention, and that it was very 
difficult, in any case, to attend to pleasantness or unpleasantness Feehng has 
too httle objectivity and substantiality for the attention to be directed and held 
upon it. It IS focussed for a moment, and then other processes, especially or- 
ganic sensations, interpose and take possession of the conscious fixation point. 
This fact, again, is easily explamed on the assumption that attention is adverse to 
feeling. 

The first of the alternative views given above asserts that the 
direction of attention upon feeling is always equivalent to a weakening 
of sensation or of the stunulus which occasions it. But, in that case, 
it must be possible, under certain circumstances, for unpleasantness 
to be transformed into pleasantness; diminution of an intensive and 
consequently unpleasant impression may make it pleasant. Now if, 
as a matter of fact, the direction of the attention upon feeling always 
results in indifference, its effect is plainly not simply that of a weakening 
of stimulus or sensation, and it must, therefore, have a special part 
to play in the origination of the feehngs, — as the second hypothesis 
maintains Presupposmg that pleasantness is connected with increase 
and unpleasantness with decrease of excitability m the central organ, 
we are thus led to the conclusion that the effect of attention is to 
compensate these functional modifications The result is produced, 
however, only when the attention is concentrated upon the feeling and 
not upon its attendant sensation. In the latter case, the psychophysical 
process in sensation is allowed free scope as a determinant of excita- 
bility This conclusion is borne out by the consideration that attention 
is, in all piobability, not a positive process, which adds something 
to the conscious contents akeady present, but a process of inhibi- 
tion (§ 76. 5). 

4 Whatever may be the true interpietation of the facts, there 
can be no doubt of their great practical importance. Attention gains 1 
a new significance as the fans et origo of circumspection, sobnety, 
coolness of judgment. It illuminates the obscunty of feSling, and 
allows a dear and just view of the question at issue or, to change 
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the metaphor, it puts the reins of conduct in the hands of reason. 
We speak of an ‘emotionar mind, when we mean one that is too 
exclusively subject to the guidance of its feehngs, one which does 
not make these feelings themselves the object of observation and 
examination, of a 'rational* mind, where we see evidence of a 
developed capacity of active, inhibitory resistance of feeling. We 
shall not be far wrong in regaiding the difference as due in the main 
to the special direction of the attention, which in the first case is 
wholly devoted to the sensations accompanying feeling, in the othei 
is, often at least, diverted to the feelings themselves. The difference 
between the naif or impulsive and the reflective or calculating dis- 
positions 13 of a precisely analogous character. 

{b) It will be readily understood that the influence of expectation 
upon feeling is practically the same with that of attention If it is 
directed upon the concomitant sensations, pleasantness and unpleasant- 
ness attain their full force, while its concentration upon the feelings 
effects a noticeable reduction of their intensity It is a familiar 
experience that the unpleasant is more disagreeable, and the pleasant 
more delightful in anticipation than in reality. A long expected 
pleasure is often disappointing in its realisation. There may, of 
course, be other reasons for this* there may be aspects of the reality 
which were not foreseen and expected and which, nevertheless, 
contribute largely to the affective result; or hope deferred may have 
brought relaxation and exhaustion, with a consequent lack of appreciation 
when the hoped-for happens But qmte apart from these secondary 
phenomena, the influence of expectation as preparatory attention 
may be conceived of as similar to the influence of attention itself. 

5. (c) The effect of habituatton on feeling is very like that of 

attention, 2,^., under its influence both pleasantness and unpleasantness 
approach indifference. Here again, there is no evidence that un- 
pleasantness passes into pleasantness (cf. i, above) Observations 
that seem to point towards any such process are refeiable to other 
causes At least, the reverse passage, of pleasantness into unpleasant- 
ness, will be found to be of hardly less frequent occurrence; and no 
one would attempt to explain it by habituation The orgamsm adapts 
itselt to constantly repeated excitations, on the same principle that 
the mind .IS reassured by the occurrence of the known (cf. § 27. 5). 
Habituation has the same compensatory power in the sphere of 
feeling which we ascribed to attention (cf 3, above). 

{d) The effect oi fatigue is the same with that of an intensification 
of the internal or external stimulus. It weakens what would otherwise 
be a pleasure, and increases what would normally be a moderate 
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unpleasantness. If fatigue is continued to exhaustion, this increased 
stimulability is changed to an equally well-marked dulness In the 
first stage, quite weak stimuli may be very unpleasant, in the second, 
stimuli of considerable mtensity exert no noticeable influence. This 
agrees with the general charactensation of unpleasantness, as correlated 
first with an increased, and then with a greatly diminished excitability 
(§ 37- 4)‘ if we set out with an abnormal degree of excitability, 

as in the first stage of fatigue, even a weak stimulus must be unpleasant, 
since it will necessarily bring about a still further increase The 
influence of fatigue is, therefore, explicable in terms of the underlying 
central nervous excitability 

(^) Contrast has sometimes been included among the general condi- 
tions of feehng. But it is not a simple prmciple, and its influence 
cannot be unequivocally defined. If we understand by it merely the 
effect of the unaccustomed and novel, we may say that it gives rise 
to unpleasantness. The unknown is disquieting and exciting, and 
arouses unpleasantness in its primary stage (§ 27. 5). If, on the other 
hand, we mean by affective contrast that an unpleasantness is greater, 
the greater the previous pleasantness, and vice versa, the prmciple 
cannot claim universal vahdity. A pleasurable excitation coming 
after a long period of suffering is not, as a rule, particularly pleasuiable 
m feeling. Contrast effects are not found, that is, at any rate m the 
second stage of unpleasantness, that of dim hushed excitability. Nor is 
the proposition vartaiio deleciat universally vahd Everything depends 
upon the character of the variable. So that the particular cases in 
which feeling is referred to the effect of ^contrast’ must be carefully 
kept separate, and the special conditions of excitability examined. 

6. (2) (ci) It is usual to deny the dependency of the feelings upon 
the wilL It IS quite true that no feeling is directly produced by the 
intention of the subject. And it is also true that a present feeling 
cannot be changed at will, — destroyed, or transformed into its opposite 
But an indirect influence of will upon feehng, and the education of 
the affective consciousness which this implies, are not only possible 
but must be admitted as well authenticated facts. Reproduction, 
attention, and movement (m part. cf. § 77. i) axe dependent upon 
will, and as these are all factors m the determination of feeling, will 
must plainly be counted among its conditions. Nowhere, we may 
think, is the task of self-education more severe or its results more 
wonderful than in the sphere of feeling. Especially important is the 
control of expressive movements. The course of feeling seems to be 
least disturbed and the conditions of its development most'^favourable 
when these movements are given full play; and their suppression, by 
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voluntary inhibition, e g., may perhaps be looked upon as a means 
of weakening and destroying feeling. 

{b) The existence of special mdividual dispositions towards the origin- 
ation and direction of feeling has long been recognised. They find 
expression m such words as ‘temperament/ or in the phrases ‘emo- 
tionally minded,^ ‘rationally minded,’ ‘capricious,’ ‘reliable/ etc. Not 
all of these terms, it is true, have exclusive reference to the develop- 
ment or state of feeling in an individual, but, whatever else they may 
mean, all alike tend in this direction. It is customary to distinguish 
four tempeiaments, the sanguine, choleric, melancholy, and phlegmatic. 
The concepts are not properly co-ordinate; and only one of them 
(that of melancholy) contams any direct implication of a disposition 
toward a particular affective quality (unpleasantness). The others 
(with the possible exception of sanguineness) aie indicative not of an 
mclination to definite feelings, but only of the normal rapidity and 
constancy of conscious processes They are, ie^ formal definitions, 
which we may very well refer with Wundt to the contrast of strong 
and weak on the one hand, and quick and slow on the other But 
these formal definitions are as valid for the feelings as for other 
contents. In the sanguine mind, pleasantness and unpleasantness 
arise quickly and easily, and as quickly and easily disappear. In the 
phlegmatic, there seems to be a predisposition to the state of indiffer- 
ence. In the cholenc, we find a comparatively slight susceptibility 
to change, and a high degree of constancy m the retention of certain 
feelings and incentives to feelmg We have already discussed the 
teims ‘emotionally minded’ and ‘rationally minded’ (§ 39.4). They 
may, however, be interpreted in another way, the former to denote a 
disposition favourable to the origination of feelings, and the latter a 
predisposition to the contrary. Again, we say that a character is 
‘capricious,’ when we see that similar impressions give nse to very 
different feelmgs at different times, t,e ^ when the mood is very vari- 
able, and changes without allegeable external cause Capriciousness 
of character and sangumeness of temperament are thus very closely 
related, — unless, mdeed, we define sangmneness (as is sometimes done) 
with special reference to pleasure It can hardly be doubted that 
there are also specific affective dispositions We speak of ‘cheeiful’ 
and ‘gloomy’ natures, and have a pathological exaggeration of the two 
in mama "and melancholia. And we contrast ‘dulness’ with ‘liveli- 
ness,’ ‘evenness’ of temper with ‘excitability,’ meaning to oppose a 
customary affective indifference to an unusual susceptibility for feelings 
We may'* conjecture with some degree of confidence that all these 
distinctions have reference to central excitability. 
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7. (3) Lastly, we have to discuss the apparent dependency of feeling!^ 

on one another The facts are as follows. An impression that would 
excite pleasure, if we were mdifferent, leaves us cold if we are out of 
humour, or an impression that would excite unpleasantness, if we were 
indifferent, has no effect upon us if we are cheerful and in good 
humour. This holds also when a single impression has its agreeable 
and disagreeable aspects We may, of course, alternate between the 
two, directing our attention first upon one and then upon the other, 
but if we regard only the total impiession, the two feehngs cancel 
each other m proportion to their intensities We may accordingly 
say that pleasantness and unpleasantness are antagonistic, or that they 
can be added together algebraically. These facts appear to contradict 
the effects of contrast (mentioned above, 5); since contrast points to 
an mtensification of pleasantness by precedent unpleasantness, and 
vice versa But a somewhat closer consideration of the two cases 
sho'yvs an important difference between them: contrast effects are 
successive, the others simultaneous. A pleasantness is increased by 
contrast, it would seem, only after the cessation of the precedent 
unpleasantness, and not during its continuance. We can explain the 
influence of contrast by supposing that the neutral point is shifted 
(cf. Fig. 8, § 37. 7), and find at least a temporary support for this 
assumption in the analogy of the alteration of the physiological zero 
pomt, under similar conditions, in the sphere of temperature sensa- 
tion (§ II. 2). We suppose, z.^., that a continuance (not too long) of 
pleasant or unpleasant stimulation shifts the neutral point in the 
direction of pleasantness or unpleasantness, and that, consequently, 
a feeling of the opposite quality, if it occurs, appears more intensive 
than it otherwise would appear. The algebraical addition of feelings, 
on the other hand, takes place only if we are exposed to the simul- 
taneous influence of a number of excitations, in themselves of various 
affective value. It becomes intelligible when we recall the physiolog- 
ical equivalents of the two affective quahties, and assume that increase 
and decrease of excitability cannot exist peaceably side by side, but 
somewhere and somehow seek to compensate each other. This 
hypothesis is quite plausible, as it stands; but it admits of different 
interpretations, and, moreover, contradicts an often repeated observa- 
tion. Many observers have recorded the occurrence of mixed feelings^ 
feelings in which pleasantness and unpleasantness arise and exist in 
consciousness side by side. It is hardly possible in the present state 
of our knowledge to decide positively for or against the reality of these 
mixed feelings. The position taken up in regard to them i§ ordinarily 
determined by theoretical ideas of the nature of the feelings. If we 
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imagine that the physiological conditions of feeling are localised where 
sensations have then- probable central substrate, the possibility of 
mixed feelings cannot be doubted. But if we imagine that they are 
unitarily localised, or not localised at all, mixed feelings must be 
regarded as improbable. In our own view, mixed feelings are cer- 
tamly less well authenticated than cancellation of feelmg. This we 
explam by the hypothesis that when a stimulus to pleasantness and 
a stimulus to unpleasantness meet, neither can produce its normal 
effect; so that the resultant total feeling does not ongmate in definite 
partial feelings, but is the sole and simple affective result of the con- 
ditions of excitability 

§ 40 The Question of an Elementary Quality of Will. 

I. Very different meanings attach to the word *wi]V m different 
psychological treatises. Some writers use it to denote what is meant 
by ‘will’ in the language of everyday life, while others believe that 
it designates special conscious processes, distinct from sensation and 
feeling. In the former sense, will is a general attitude of the subject, 
co-ordinate with automatic or impulsive and leflex reaction; in the 
latter, it is regarded as a specific concrete conscious content, capable 
under certain circumstances of combining with ideas and affective 
processes. And theory is naturally as widely divergent as interpreta- 
tion In the one case, it consists in a tabulation of the conditions 
of a state of consciousness, upon which not only particular mental 
piocesses but the movements of the subject are dependent. In the 
other, it seeks to furnish the definition and explanation of a new 
element in mental life in general There is no necessary contra- 
diction between the two. — We must defer the examination of the first 
and more important question as to the nature of the will until we come 
to our third Part (cf § 77); but we may here approach the special 
problem of an elementary will quality. 

The psychologists who assert the validity of this third element of 
mmd have generally been led to do so by their analysis of certain 
complex states or processes The most obvious material for an analysis 
of the kind is furnished by the experiences which we call in ordmary 
life volunfory actions, resolutions, etc. [^] No one doubts that sensa- 
tions are concerned in a voluntary action, or that its course is com- 
monly attended by feelings The point at issue is, whether we can 
discover, besides these familiar processes, a specific act, an elementary 
will. It may be looked for in the decision for one particular action 

[q Wtllens/tandlungen, Wtllensenfschltlsse^ 
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m face of all the many possibilities; or in an internal initiative, sig- 
nificant of the active interference of the subject in the mechanical 
course of events, or in. an effort, such as is present also in impulse, 
m unsatisfied and unexpressed desire, in longing and aspiration. 

2, It must be fully understood that however the issue is decided, 
whether, / e., we accept or reject this elementary will quality, nothing 
IS thereby gained for the explanation and analysis of voluntary action 
itself. The psychophysical question, in particular, — the question 
whether the physiological substrate of the voluntary action is anything 
other than the sensory excitations underlying the automatic succession 
of ideas, and a motor mnervation directly determined by them— is 
not touched at all. The two inquiries, as was hinted j’ust now, must 
be kept entirely separate; not only because their subject matter is 
different, but because the elementary quality, if it existed, could not 
possibly be the distinguishing charactenstic of voluntary action There 
IS obviously no invariable connection between them for voluntary 
action assuredly does not necessarily imply a ^ feeling ’ of internal initia- 
tive, the ‘sensation’ of an effort of decision, or the intensity of desire or 
aspiration We may, therefore, for the time being, abstract altogether 
from the significance for voluntary action of a possible simple con- 
scious content, over and above sensation and feeling This granted, 
we believe that all the empirical observations of internal initiative, 
as given in impulse, longing, etc., are explicable in terms of one defin- 
ite phenomenon, which we may, perhaps, most adequately and objec- 
tively describe as effort. We understand by it an urgency from within 
outward, a mental strain, an activity of the self. If ^stress is laid on 
the analogy of this state, in its subjective aspect, with the feelings, 
it is termed the ‘ feehng of effort ’ ; if its analogy with sensations is to 
be emphasised, the ‘sensation of innervation.’ A special relation to the 
feelings seems indicated by the fact that effort is opposed to reluct- 
ance [^] m the same way as pleasantness to unpleasantness On the 
other hand, the quality of effort bears a very close resemblance to those 
of the organic sensations, and especially the tendinous and articular 
sensations The question arises, then, what the psychology of the 
process really is. 

3. There are two experiences in which effort plays a particularly 
distmct part. The first is that of resistance to an opposition, of 
struggle under a physical or mental burden, and the second is the 
wish for a change in a given state, which may be conceived of as 
indifferent. In both cases, effort appears to be a complex of more or 
less vivid organic sensations, composed of tendinous (strain; and arti- 

[q Sireheny Wider sir eh en* 
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cular sensations, peripherally and centrally excited Evidence for this 
analysis is furnished by two sets of facts* the relative intensity of 
effort runs parallel to the relative intensity of the organic sensations; 
and wherever we find effort, we find motor innervations, actual or 
ideal. Moreover, effort can be voluntarily aroused by the thought of a 
pleasant change of locality. The pleasantness m this instance simply 
acts as an effective stimulus to the origination of ideas of movement, 
and the sensations occasioned by the imagined movement of the 
limbs. The elementary will quality, therefore, would seem to reduce 
to definite sensation qualities. This conclusion helps us to undeistand 
the distinctness of effort m so many voluntary actions, where it is not 
essential, the oigamc sensations involved are for the most part those 
attending ideal or real movement. In desire and longing, where it 
is also distinct, the conditions are again favourable for the origination 
of these sensations The analogy with the feehngs is not difficult of 
explanation The difference between effort and reluctance is not refer- 
able to a specific difference of sensations, but to the opposition of 
affective quality on the one hand, and to that of the direction of 
movement, made or intended, on the other. The idea of movement 
towards the object of effort is connected with a feehng of pleasant- 
ness; while reluctance is charactensed by intended or actual movement 
from the repellent object, and an unpleasant feeling which attaches 
to it — The phrase ‘ sensation of innervation ’ may be understood to 
mean that the process of central motor innervation itself is accompanied 
by sensations; which is not the case. It is, therefore, best to avoid 
the expression altogether. ^ ' 

§ 41. Theory of Feeling. _ m 

I All the difficulties which we have encountered in our discussion 
of the laws of feeling recur when we attempt to elaborate a theory 
of pleasantness and unpleasantness This is plainly not included in 
the theory of sensation, since the feelings, as we have shown (§ 34. 7), 
must be regarded as specific and mdependent conscious processes 
It will, however, resemble the theory of sensation m its psychophysi- 
cal formulation the phenomena of the dependency of feeling upon 
stimulus, expressive movements, etc., refer us directly to physiologi- 
cal processes. Any theory, therefore, which, like that of Herbart, 
deiives the feelings from the interrelation of sensations may be rejected 
at the outset. We can distinguish three different forms of the psy- 
chophysical theory of feeling: a teleological, a peripheral physiological 
and a central physiological The first attempts to explain the feelings 
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by reference to the various effects of stimuli upon the organism. The 
second ascnbes the origination of feeling to certain processes m the 
peripheral nerve or sense organ And the third finds the conditions 
of pleasantness and unpleasantness in certain central processes, which 
may be modified but are not wholly determmed by peripheral influences. 

(i) The teleological theory bangs pleasantness and unpleasantness 
into connection with the useful or harmful effect of stimulation upon 
the organism. It is based upon the evolutionary view that this dif- 
ference of effect arose through adaptation, selection, and heredity. 
In its more general form it emphasises the effect upon the organism 
as a whole; m a more special formulation, the hurt or advantage of 
the directly stimulated organ. Now it is mdisputable that there is a 
wide reachmg correspondence between the useful and hurtful on the 
one side, and pleasantness and unpleasantness on the other, so that 
there is some ground for regarding the quality of feeling as a criterion 
of the nature of stimulus But it is equally mdubitable that the 
parallelism is not coextensive with the facts The teleological theory 
m its more general form is thus obliged to have recourse to quah- 
fication or subsidiary hypothesis to meet, the unpleasantness of 
many wholesome foodstuffs and the pleasantness of many that are 
deleterious. In its special form it can always say that the hurt or 
advantage does not extend beyond the directly stimulated organ; in 
the instance given, that of taste. 

2 , The reasons which have led to this explanation of the origin 
of feeling are intelhgible enough (a) It illustrates the all-pervadmg 
tendency of biology to regard the course of organic development as 
purposive, and every form of organic reaction upon oi reception of 
external influences as preservative of race or individual; and {5) it is 
in complete accordance with the popular conception of feeling, which 
makes pleasantness a symptom of health and unpleasantness a sign of 
ill health, pleasure the final goal of all activity and mutation, and 
pain a prehmmaiy or transition-stage necessary to its achievement, and 
consequently the almost invariable stimulus to action. But there is 
obvious danger that the biological analogy or the adoption of the 
views of ordinary life will obscure the real task of a psychophysical 
theoiy; and the fact that many psychologists are content with a bare 
statement of the parallelism shows that it is not always escaped. It 
is no explanation of the winking reflex to say that it is of use for the 
protection of the eye. We must demand of a theory that it enter 
more fully into details, showing what sensoiy nerves are stimulated, 
how and where the excitation is transferred to motor centres and 
thence to the muscles of the eyelid,— in a woid, that it reveal the 
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mechanism of the whole process. Neither can the practical value of 
pleasantness and unpleasantness serve as a starting point for a theory 
of the feelings For all that it tells us is that the useful and harmful 
are really identical with the (sooner or later) jileasurable and unpleas- 
urable An unpleasantly bitter medicme is termed useful, because its 
effects are satisfactory; and a sweet poison harmful, because its ulti- 
mate consequences are exceedingly painful If the teleological theory 
made no attempt to go behind these statements, it could never afrive 
at any real explanation 01 transcend the simple enumeration of the 
conditions of pleasantness and unpleasantness For as the useful is 
the pleasurable, and the hurtful is the unpleasurable, the theory would 
be a mere restatement of its own problem. It follows, therefore, that 
until ‘useful’ and ‘harmful’ have been defined in other terms than 
those of their relation to feeling, we cannot speak of a teleological 
theory in any strict sense of the word. 

3. The general form of the teleological theory makes no difficulty 
of this definition. Everything which destroys or deranges the organ- 
ism is harmful, everything which secures or furthers its life and 
growth IS useful But such propositions are evidently far too inde- 
finite to meet the requirements of a psychophysical theory, (i) In 
alj probability, feelings, hke sensations, are correlated with excitatory 
processes in the cerebral cortex It would, therefore, always be in 
place to raise the further question of the relation between organic 
furtherance or derangement and the central nervous processes which 
presumably underlie pleasantness and unpleasantness, (li) Again, it is 
at least exceedingly difficult to define the usefulness or harmfulness 
of the excitatory factors in the case of centrally excited feeling (aes- 
thetic, moral, etc.), independently of their affective result. (111) And 
the whole theory is too crude to be adequate to all the finer grada- 
tions of feelmg. That pain is deleterious to the organism is obvious 
on the surface ; but the result of a less intensively unpleasant stimulus 
is far more easily determinable in its affective aspect, than in its 
detrimental. And the same thing holds of pleasantness in general, (iv) 
Lastly, there are ceitain facts which the general teleological explan- 
ation cannot cover There are very seiious organic derangements 
(phthisis, €,g) which are hardly unpleasurable at all; and the degree 
of pleasantness and unpleasantness does not stand in any sort of 
uniform relation to the extent of organic furtherance or derangement. 
The pain of a diseased tooth is one of the worst that we can ex- 
perience, and is certainly out of all proportion to its detrimental effect 
upon the organism 

Certain of these objections hold also as against the special form of 
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the teleological theory. This can always, of course, be brought into 
formal agreement with the facts; it is always possible to assume that 
pleasantness goes with sustentation of the stimulated organ, and un- 
pleasantness with its impairment, — since there is at present no objective 
cntenon to which these processes can be referred mdependently of 
the feelings. But we are no more justified here than we were before 
in speakmg of a theory, until 'use’ and ‘harm’ have been objectively 
defined, in principle at least, as specific phenomena. And if this 
definition involves their translation into physiological terms, t e , the 
distinction of processes within the stimulated nerve or its central 
terminations, which aie conceived of as advantageous or detrimental 
to these organs, the special form of the teleological theory passes at 
once into a peripheral physiological or central physiological hypothesis. 
It is, therefore, best to avoid the use of the misleading expressions 
‘useful’ and ‘harmful’ altogether 

4. (2) The common element in the peripheral physiological and 
central physiological theories is their assumption of a special ' affective ’ 
nervous process, or at least of a definite modification of sensory ex- 
citations, as the equivalent or excitatory condition of pleasantness and 
unpleasantness. They differ only in their localisation of this process, 
the former placing it in the peripheral nerve, while the latter refers 
it to the central organ. The peripheral physiological theory regards 
the state of nutrition of the stimulated nerves as the sole condition 
of the origination of pleasantness and unpleasantness. Every stimulus, 
besides setting up a specific excitation in a sensory nerve (the con- 
scious correlate of which is sensation), must, evidently, make a more 01 
less extensive draught upon its store of energy; and the force requued 
for the restoration of the onginal conductive capacity will vary in 
proportion to the intensity or duration of stimulation. These processes 
of the distribution or consumption of stored energy and its subsequent 
restitution are regarded by the theory as the physiological equivalents 
of the feehngs The more intensive the stimulus, the greater is the 
demand made on the latent nervous energy, and the more^ diflBcult 
and uncertam the return to the original state The weaker the 
stimulus, the more adequate is the reserve of energy to cover the 
loss due to excitation. The stimulus is accordingly felt as pleasant 
(or a pleasurably toned sensation arises) under favourable^ conditions 
of supply and expenditure, 2.^., (to phrase the matter in Henng’s 
terminology: cf §§ n, 21) as long as the dissimilation which rit has 
caused is not in excess of the subsequent or simultaneous assimilation. 
On the other hand, the stimulus is unpleasant (01 there arfses an un- 
pleasurably toned sensation), if the dissimilation is so great that a 
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complete restitution is impossible at the moment. The neutral stage 
of feeling will then be correlated with the equilibrium of assimilation 
and dissimilation. 

5 The first objection {d) to be urged against the peripheral phy- 
siological theory of feeling is that it is at best not a theory of feeling 
in general, but only of the sensible feelings. It is difficult to see how 
the division of a line at the golden section, e,g ^ should make less 
demand on the energy of the peripheral optic nerve than any other 
division And the homogeneity of the affective quality makes this 
objection a strong one. (b) But the theory can be justly cnticized 
even as an explanation of the sensible feelings. If the excess of de- 
mand over supply in the sensory nerve can be earned to greater and 
greater lengths, and unpleasantness increase in proportion, it is only logical 
to suppose that the excess of supply over demand will in turn mani- 
fest itself in a corresponding intensity of pleasantness. The facts are 
otherwise. We must, therefore, choose between a conclusion which 
satisfies the hypothesis but violates the facts, — that the weakest stimuli 
are the most pleasant; and a conclusion which, though adequate to 
the facts, is apparently irreconcilable with the hypothesis,— that assim- 
ilation increases within certain limits with dissimilation, so that the 
excess of supply over demand grows constantly larger, up to a certain 
mtensity of stimulus, (f) Again, it is difficult to harmonise this theory 
with the well authenticated physiological fact of the inexhaustibility of 
the nerve. The presupposition of an excessive consumption of energy 
is hardly borne out by the observation that the capacity of a nerve 
is not noticeably diminished by continued and mtensive stimulation. 
{d) And lastly, the theory makes no attempt at all to account for the various 
indications of a definite state of the central nervous substance which we 
found in the course of our discussion of the method of expression and 
its results (§ 37), the influence of attention on the feelings (§ 39), etc. 

On the other hand, the objection that the processes of nutrition 
within a nerve have no possible claim to rank as the specific nervous 
substrate of feeling cannot be recognised as valid. If the process of 
' excitation ^ the real nature of which is altogether unknown, is ac- 
cepted as the equivalent of sensation, there seems no reason why the 
consumption and restoration of nervous energy which it involves should 
not be the equivalent of feeling. No one except Hering (in his 
theory of the antagonistic nervous processes underlying visual and 
temperature sensations) has suggested that the restoration of the loss 
of energy consequent upon excitation is in any way reflected in sen- 
sation It"' would appear, then, that the process may quite well be 
regarded as an expression or condition of feeling. 
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6. (3) The peripheral physiological theory is obliged to take some 

account of the central conditions of feeling But it regaids them as 
the simple consequences of the peripherally initiated process The 
central physiological theory, on the other hand, asserts that the exci- 
tations set up at the periphery produce their due mtensive or temporal 
effect upon feeling only under certain circumstances, that they 
are merely stimuli, whose affective result is entirely dependent upon 
the state of the nervous substance. The real conditions of the origin- 
ation of pleasantness and unpleasantness are found in the central 
organ. It will be remembered that we adopted a general view of 
this nature m our prehminary discussion of the results of the method 
of expression and their interpretation ; we came to the conclusion that 
pleasar^tness and unpleasantness are coirelated with differences in the 
excitability of the central substance (§ 37. 4). A central theory has 
one great and obvious advantage it enables us to explain all the 
facts of the affective consciousness. It helps us to understand why 
there is no radical difference between peiipherally excited and centrally 
excited feelings, as there is between the corresponding categories of 
sensation (§ 34. 2), And it certainly furnishes the simplest explana- 
tion of the facts obtained by the combined application of the serial 
and expressive methods (cf § 37. 8), and of the homogeneity of feel- 
ing, the impossibility of a simultaneous experience of more than 
one pleasant or unpleasant state (§ 39. 7). But the theory may take, 
and has actually taken, , very different forms. In what follows we shall 
mention only two of these, the theories of Meynert and Wundt. 
According to Meynert, the physiological equivalent of feeling is to be 
looked for in the variation of the nutrition of the cerebral cortex; 
on that of Wundt, pleasantness and unpleasantness arise from the 
reaction of apperception (cf § 32. 5) upon sensations, or (in physio- 
logical terms) from the reaction of a special apperceptive centre upon 
the sensory excitations set up in the various sensory areas. The two 
theories are essentially different; the former regarding the affective 
processes as distributed throughout the cerebral cortex, and the 
latter giving them a determinate localisation in a particular brain 
centre. 

7. (i) Meynert supports his theory by a reference to the physiolog- 
ical processes which are observed to follow from intensive (painful) 
and weak (pleasant) stimuli ' In the former case, (a) the excitation is 
greatly retarded in its conduction through the gray substance. Pain 
anses only, if the stimulation can reach the gray matter of the spinal 
cord, and this offers much more resistance to the propagation of an 
excitation than does the white matter (cf. § 10, 7) (j5) Intensive 
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(painful) stimuli are followed by a reflex constriction of the arteries 
Intense bodily pain may in this way produce a swoon, and the 
tortures ,of the rack have sometimes put the victim to sleep (y) This 
arterial constriction implies a reduction of metabolism in the nervous 
elements, and must, therefore, produce a change in their chemical 
relations, a dyspnoeic phase of their nutrition, which in its turn may 
give rise to defimte movements, eg, deep inspiration or even convul- 
sions. The phenomena of weak and pleasant excitation are the exact 
contranes of these They are (a) an unimpeded nervous conduction, 
t e., a quick and certain propagation of excitation to particular nervous 
centres; ((3) a dilatation of the artenes, t\e., a functional hypersemia; 
(y) and, lastly, an increased metabolism in the nervous elements, 
an apnosic phase of their nutntion. The feelings are thus an expres- 
sion of the state of nutrition of the cerebral cortex. The cortex 
itself on Meynert’s view has two active functions the innervation of 
trains of thought and the movements associated with them, and the 
innervation of the muscles subserving arterial constriction. Inactivity 
of thought means increased innervation of these muscles, is correl- 
ated with functional ansemia; while activity of ideation and energy 
of the movements which it conditions bring with them a dilatation of 
the arteries, a functional hypeiaemia In the former case we have 
unpleasantness, in the latter pleasantness 

8. (u) Meyneit’s theory sets out from purely physiological phenomena, 

the movements of seizure and avoidance which follow the action of 
pleasant and unpleasant stimuh. Wundt, on the other hand, is 
pnmanly concerned to explain the observed facts of the affective 
consciousness The ordinary view of feeling as a more subjective 
process than sensation (cf. § 34. i) he regards as indicative of the 
central character of its physiological substrate. Again, the contrary 
direction of the will in effort and reluctance points to its relationship 
to feeling, in whose quahties the same opposition recurs (§ 40. 3) 
Hence it would appear that feeling is most correctly defined as the 
mode of reaction of apperception upon sensations. Pleasantness and 
unpleasantness, that is, appear only when sensations are apperceived, 
z.tf,, the attention directed upon them This view is further supported 
by the fact that increase of feeling appears to follow a similar law 
to that of Jhe intensity of sensation (Weber’s law), i.e., that feelmg 
increases proportionally to the logarithm of the affective stimulus 
(cf. § 26). For Wundt, as we have seen, regards this law as a law 
of apperception. — The assumption that feeling arises m the appercep- 
tion of sensations cames with it a localisation of its physiological 
substrate. Wundt places the activity of apperception m a special 

18 
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ceiebral organ (certain areas of the frontal lobes); and we must, 
therefore^ suppose that feelings originate in the interaction of this 
organ and the sensory centres. Wundt does not say how this inter- 
action is to be brought into connection with the two quahties of 
feeling. He calls attention to the fact that the various physical 
phenomena which accompany feeling are readily explicable upon 
his theory. 

9. It must be admitted that Meyneit’s theory of feeling has many 
advantages, despite the extremely hypothetical nature of certain of 
its arguments It enables us to determine the physiological equivalents 
of pleasantness and unpleasantness with some degree of accuracy, 
and bnngs the affective qualities into a simple relation with the results 
of the method of expression and other facts which we have mentioned 
above. The general increase of excitability in pleasurable states, and 
its general decrease in unpleasurable, in particular, may very well be 
referable to functional h3rperaemia and anaemia. And the primary 
stage of unpleasantness (an increased capacity of function, at least 
upon the motor side, which shows itself in deep inspiration and even 
in convulsions) can be easily explained from the point of view of 
the theory, if we take into account the familiar fact that a stage 
of overstimulation, of abnormal excitability, precedes the stage of 
exhaustion, of decreased excitability (§ 37. 3). But there are two 
facts which seem hardly reconcilable with it. In the first place, 
pleasantness and unpleasantness appear immediately, as the effects 
of stimuli, simultaneously with the sensations which the stimuli evoke. 
It is not easy to beheve that their condition is a functional hyperaemia 
or anaemia produced by stimulation. The alteration of volume, 
pulse, and respiration which the method of expression shows to result 
from pleasant or unpleasant stimuli is produced comparatively slowly, 
whereas pleasantness and unpleasantness (apart from the primary 
stage of unpleasantness) anse far more quickly. We shall, therefore, 
rather incline to regard these changes as the consequences of feeling 
or of its psychophysical conditions. The second fact is the homoge- 
neity of feeling. Functional anaemia or hyperaemia need not by 
any means necessanly extend over the whole cortex or to all the 
sensory centres, but may be strictly localised. Nevertheless, pleasant- 
ness and unpleasantness appear unable to subsist side by; side, and 
we have no simultaneous expenence of different pleasantnesses and 
unpleasantnesses (cf. 6, above). Neither of these observations presents 
any difficulty to the alternative theory. The homogeneity of feeling 
agrees excellently with the homogeneity of apperception; and the 
feeling which accompanies a sensation in consciousness may be 
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conceived of as originating at once with its appeiception. All that 
this theory leaves to be desired is a more exact determination of the 
substrate. of the specific affective quahties. 
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PART II. THE CONNECTIONS OF CONSCIOUS 

ELEMENTS. 

§ 42. Definition and Classification of Connections. 

1. Our concrete experiences are always made up of connections of 
the conscious elements. Simple qualities, isolated sensations and feel- 
ings, are products of scientific analysis (§ 3 5), and their separate inves- 
tigation is possible only by the aid of special methods and under 
favourable general conditions. Even so, the actual experience is 
practically always complex in character. 

We cannot, however, pass at once to the consideration of these 
actual experiences. Our discussion of conscious connections must also 
travel, for some tune at least, along abstract lines. Psychology (1) 
has to show that (and how) the connections arise from the elements, 
and to distinguish between the total impiession and its elementary 
constituents; and (ii) has to inquire whether the connections are all 
of a single kind, or show characteristic differences, and m the latter 
case to give the leasons for the divergence We have, ?>., a further 
series of problems for analytical treatment, whose solution is neces- 
sary for the understandmg of the concrete mind. 

2 . The elements of consciousness are of two kinds, sensations and 
feelings We may, therefore, have connections of sensations with 
sensations, of feelings with feelings, and of sensations with feelings. 
It is evident a pnori that these three types of connection cannot 
be of equal importance in consciousness. The qualitative diffeiences 
of sensation are very numerous (§ 34. i), those of feeling very few 
(§ 35 • 3)j the forms and laws of the interconnection of sensa- 
tions will accordingly be various and complex, while those of the 
other two categories of connection are correspondingly simple. This 
is in itself sufficient evidence that we should be ill advised to discuss 
the subject matter of the second Part of our psychology under three 
co-ordinate rubncs But there is another and a mor^ important 
reason for the rejection of a classification by contents The doctrine 

276 



§ 42. DEFINITION AND CLASSIFICATION OF CONNECTIONS. 277 

of conscious compounds is mainly occupied with an exact investiga- 
tion of the formation and attributes of connections. Our task will be 
very greatly simplified, therefore, if we can discover in these certain 
general peculiarities (irrespectively of the quality of the connected 
elements) which may serve as the basis of their broad distinction into 
definite groups. The best classification of connections, z <? , is a clas- 
sification in terms of certain distinguishing characteristics of the con- 
nections themselves, — provided always that no violence is done by 
it to the alternative classification in terms of the quality of the con- 
nected elements. We have already stated (§ 3) that connections^ 
regarded from this point of view, fall into two great classes, and have 
termed them fusion and colligation. It is characteristic of the fusion 
that the elements contained m it are more difficult of analysis, of the 
colligation that they are easier of analysis, in connection Or, to put 
it in different terms other things equal (apart, i e , from the general 
conditions of sensible discrimination, and its special laws within the 
given sense department), the character of the connection of compared 
qualities is of determining influence upon the magnitude and delicacy 
of sensible discrimination. In both aspects, it is relatively diminished 
by fusion and increased by colligation 

3. A close examination of the conditions under which the two kinds 
of connection appear m consciousness leads to two important results. 
We find (a) that the quality of sensations 01 feelings is inessential 
for fusion and colligation alike; i,e , that the terms really indicate 
general peculianties of conscious connection, and are not mere clas- 
sificatory names, applicable only to definite elements. And (^) we 
discover a simple rule for the cognition of the particular form of con- 
nection m a given case. The rule is couched in terms of the three 
(or four) attributes of sensations and feelings. It is plam that we have 
no right to speak of a connection unless we can, directly or indirectly, 
analyse it into its elements If, eg, two sensations are tempoially 
and spatially indistmguishable and qualitatively identcal, we actually 
have but one sensation, though two stimuli may be acting upon con- 
sciousness. Nor can we speak in strictness of a connection of two 
sensations where the two stimuli differ merely in intensity; since stimuli 
which are identical in all other respects will ordinanly give rise to a 
single sensahpn Connection, that is, presupposes a noticeable difference 
in the quality, extension, or duration of its elements. Our rule now 
runs as follows * if the connected elements are temporally and spatially 
identical, but differ in quality, their connection must be termed 
fusion; if t^ey differ in duration or extension, colligation* Fusion, 
t,e , may be briefly defined as a qualitative, and colligation as a 
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temporal or spatial connection. The rule has a further formal value, 
as transcending the relativity of our general definition of fusion and 
colligation. This relativity has no practical significance, however: for, 
given equality of conditions, the different facility of analysis of the 
two connections is constant and well marked The general definition 
is really relative only in the sense that it restricts the discnmination of 
fusion and colligation to cases in which their elements are the same 
It tells us that we may compare tonal fusion with tonal colligation, the 
fusion of colour tone and brightness with their colligation, etc., but that 
we have no means for the companson of the fusion of certain elements 
from one sense with the colligation of certam elements from another 
4. This limitation is another proof of the dependency of conscious 
processes upon sensible conditions (§ 3. 3) The differences in the 
sense organs and their adequate stimuli prevent any quantitative com- 
panson of the sensations of different sense departments Hence it 
was impossible to determine the course of the intensive sensible dis- 
crimination as between sense and sense (§ 25). It follows that we 
must here treat of fusion and colligation with special reference to the 
forms which they assume m different sense departments; we must 
examine separately the fusion of auditory sensations, the fusion of 
visual sensations, etc. Many of these departments have been but 
very imperfectly explored, and we shall often be obliged to content 
ourselves with the demonstration of a few t3qncal cases of the pheno- 
mena, while reviewing the rest in more summary fashion. Again, it 
will be necessary, when we come to deal with colligation, to set forth 
tn eocienso the psychological doctnne of time and space, since we 
postponed the consideration of the temporal and spatial attributes of 
the conscious elements (§4 10) in order to bring them into relation 
with more complicated phenomena of the same order. We shall also, 
of course, have to discuss the connection of sensations of different 
senses and of different classes of elements (sensations and feelmgs). 
Connections of the former kind were named by HexhKti complications 
the sense impressions which enter into them we term disparate. As 
feelings are ordinarily attached to sensations, the connection of sen- 
sations and feelmgs will take the shape of fusion. Special forms of 
this connection are denoted by the abstract terms emotion, impulse, 
mood, and passion. A comparison of these fusions with corresponding 
colligations is, directly at least, impossible. We must, therefore, be 
satisfied either to prove that they have all the charactenstics of fusion 
in general, or to ascribe them without proof to this class of connec- 
tions, in order to brmg them into agreement with our schema In 
the Sections on colligation, besides the problems of time and space 
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mentioned just now, we have to discuss the qualitative relations of the 
elements given in temporal or spatial connection, and especially the 
phenomena of visual contrast and of what is popularly called ‘action,’ 
The doctnne of compounds, like that of elements, must begin with 
peripherally excited sensations. Our remarks upon centrally excited 
sensations may in any case be made very brief, since their connections 
have been, foi the most part, already considered in the special 
Sections devoted to them m our hist Part 

5. It only remains, after this hasty survey of the contents of our 
second Part, to explain how we distinguish a connection of conscious 
elements from a concrete mental experience A musical motif ox a 
melody has as much right to be called a connection of elements as 
a chord or a clang ; and we can form an idea of a room, or a house, 
or a street, as well as of a chair or a table In othei words, we 
must attempt to define a ‘ connection of conscious elements ’ as regards 
number of components, spatial extent, and period of duration. If we 
do not draw a fixed line of demarcation, the term connection will be 
very vague and ambiguous, and may even, under certain circumstances, 
be coextensive with consciousness itself Now (a) in the first place, our 
sensible organisation and our capacity of attention prevent the num* 
ber of elements simultaneously present in consciousness from exceeding 
a certain finite limit. (^) The normal restriction of the field of 
vision sets a certain finite limit to the spatial extension of connected 
visual qualities. And (y) the normal mterruption of consciousness by 
sleep (§ 78^ divides the temporal course of our experiences into sections 
of definite length. But it is plain that these are not the only lunits 
set to conscious connections. Wc distinguish special combinations, 
particular groups of elements, within the total consciousness of the 
moment, within the field of vision, and within the wakmg day. The 
melody, and the chord, and the chair, are relatively small parts of 
''the possible whole. There must, then, be some special reason for 
the further limitation of conscious connections. It appears to be this 
that certain combinations of elements are effective for reproduction, 
t e , can serve as incentives to or as matenals of reproduction (cf § 30), 
On this view, all the various forms of particular connections can be 
readily explained. As we have already seen (§ 30. 4), the associative 
coherence of elements is greatly strengthened by the reproductory value 
of their total impression. Provision is, therefore, made for the dis- 
crimination of these separate connections in consciousness. 

6 Our investigation of the processes of fusion and colligation is not 
greatly afibcted by these considerations. We shall have to inquiie, 
in the particular case, mto their possible dependency upon the number, 
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duration or extension of the connected elements. But the difference 
between them persists independently of any such mfluence The 
question of the origination of separate connections, therefore, does not 
furtlier concern us, since we have already discussed the relations of 
centrally excited sensations to each othei and to peripherally excited 
sensations (§§ 27, 29—31}. For the same reason, we shall not use the 
current term idea to denote a connection of sensations, as it merely 
indicates reproductory value and contains no reference to the actual 
process of connection. A qualitative fusion and a temporal or spatial 
colligation of elements may equally well be termed ideas, provided 
that they can reproduce or be reproduced as wholes. It is evident 
that this qualification does not necessarily attach to either of the con- 
nective processes The factors upon which the degree of hability of 
reproduction and the effectiveness of materials of reproduction are 
dependent, do not include the character of the attributive interconnecdon 
of elements in consciousness The word ddea’, therefore, contributes 
nothing to the definition of the actual connection of elements, but 
merely expresses a consequence of connection which is important for 
the course of thought. — Wundt has distinguished between apperceptive 
and associative connections (cf. § 29. i), according as the active apper- 
ception is or is not involved in the origination of the particular 
^^esses. But we may defer their consideration, on similar grounds, 
ji%&l we come to our Section upon the will (§ 77). 

Section i. Fusion. 

Chapter I. The Fusion of Auditory Sensations. 

§ 43, The General Phenomena of Tonal Fusion. 

I. There are several reasons for the choice of tonal fusion as the 
prinapal illustration of sensation fusion in general, (i) In the first 
place, it comprises a great variety of special processes, all of which 
have been investigated with some degree of thoroughness. (2) Again, 
successive, as well as simultaneous connections of the separate elements 
are of familiar occurrence within the sphere of tonal sensations. (3) 
And lastly, there is a close relation between tonal fusion and the tonal 
connections whose aesthetic effect is displayed m music. We are 
thus in the fortimate position of having the results of centuries of 
artistic practice to compare with the outcome of psychological experi- 
mentation. Since the introduction of pol3rphony into music, a more 
or less sharp line of distmction has beeii dtawn between consonant 
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and dissonant compound clangs (chords), between harmonious and 
inharmonious tonal connections. It is reasonable to suppose that this 
distinction is based upon a definite psychological effect ; and success- 
ful attempts have been made, more especially smce the work of 
Helmholtz, to discover the psychophysical foundations of musical forms. 
As a rule, however, the affective value (pleasant or unpleasant) of the 
compound clangs, and the phenomena of the sensible connection 
itself have not been differentiated with sufficient clearness. We shall 
see that consonance is not identical with agreeableness, or dissonance 
with disagreeableness (§ 48. 2; cf. also § 37. 8) 

2 The physical result of the meeting of two simple periodic sound 
waves, under favourable conditions, is their combination to a third, 
resultant wave, whose period of vibration is equal to that of the longer 
of the two component waves, and whose amphtude is represented by 
the algebraic sum of their amplitudes. If this resultant wave strike 
the ear, it is not, however, transmitted to the auditory nerve as a total 
movement of defimte form, duration, and intensity, but is again separ- 
ated into its primary constituents by the analysing apparatus which 
we have found to exist in the cochlea (§16 4), and so comes to 
consciousness as a complex of individual sensations ^ When a com- 
pound clang is sounded, we always hear, as a matter of fact, a number 
of mdividual clangs ; and with practice even a simple clang (a con- 
nection of fundamental and overtones) can be analysed up to the 
first few overtones. But the instance of the simple clang shows us 
that the subjective analysis of a complex sound wave is not always 
possible, and, indeed, we must say in general that the connection of 
simultaneously sounding tones is highly prejudicial to their separate 
discriminabihty and cognisabihty. 

3. It has been argued from this fact (which is characteristic of fusion 
m general: § 42 2) that a simultaneous connection of tones is really 
sensed, not as a multiphcity, but as a unity. The action of a complex 
sound wave upon the ear would then give nse to a sensation quality 
as simple as that excited by a simple periodic vibration The older 
view of the clang colour (§ 14. 4) of different musical instruments 
led, it is true, to the interpretation of the influence of vibration form 
upon consciousness as due to a special qualitative colouring. It 
would, tiierefore, be necessary to attribute to auditory sensations a 
second series of qualities beside the familiar differences of pitch, and 
to mclude within this new schema of qualitative variation not only the 
simple clang, but all the compound clangs as well. And we should 

We abstract for the moment from certain secondary effects (beats or combination 
tones) which are ordinarily produced by the combination ot simple sound waves. 
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furthei be compelled by the theory to assert that a purporting ana- 
lysis of tonal connections merely presents the appearance of a per- 
ception of several sensations without its reahty, and is baged upon 
familiar associations which presuppose a knowledge of the character 
of particular clangs or compound clangs. 

4 But this view, which we may briefly term the doctrine of unity, 
stands in direct contradiction to a whole numbei of facts. Musicians 
are unanimous in declaring the analysis of tonal sensations to be 
original and not simply mediated by associaton We can resolve 
into its separate constituents a compound clang which we hear for 
the first time as easily as we can resolve a familiar chord. And 
overtones, if heard at all, are heard m absolute purity, i,e., not at 
all as they are really given by instruments of 'equal temperament’ 
All these reasons tell decisively in favour of the occurrence of a direct 
analysis of tonal connections, at least in certain cases Besides which, 
the doctrine of unity as such is untenable, while it is no difficulty to 
the theory of direct analysis that tonal connections sometimes give 
the impression of umtanness or simplicity. The combination of a 
number of simultaneously present qualities into an unanalysed total 
impression is a possible phenomenon in every sense department. 
Simplicity would accordingly be a limiting case, referable to an ex- 
ceptional intimacy of connection or a high degree of fusion. We 
are thus brought to realise that there are different degrees of fusion. 
The lowest degree of fusion is that which presents the least difficulty 
of analysis, and the highest degree that which offers the greatest 
resistance to a discrimination of its primary constituents. 

5 The degree of tonal fusion is obviously dependent on very 
different conditions, (a) In the first place, it is subject to certain 
general conditions of introspection; attention, expectation, practice, 
fatigue, etc. (^) But it is also conditioned in special ways by the 
character (quality, intensity, number, etc.) of the connected tones. 
All these influences manifest themselves in increase or decrease of 
the degree of fusion. We must, therefore, endeavour to trace their 
effect in detail, illustrating it as far as possible by reference to ex- 
periment. But before we enter upon this task, we may briefly con- 
sider the peculiarity* of what must be called the fusion whole, the 
total impression as contradistinguished fropi the separate and separ- 
ately cognisable tones. If the doctrine of unity were in "the right, 
this total impression would ot necessity be essentially different from 
the elements contained in it. The fact is otherwise the fusion whole 
appears always either in the quality of its predominant constituent 
(as, eg., is the case with clangs, where the fundamental is usually 
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taken to be the quality of the whole impression), or as a simultaneity 
of several tones (as in the compound clang, where the separate simple 
clangs exert an equal influence upon consciousness). It follows, there- 
fore, that we need not undertake a special investigation into the 
quality of tonal fusion It will be sufficient, when we are discussing 
the various degrees of fusion, to indicate the importance of quality 
for the total impression. It follows also and more particularly that 
fusion cannot be regarded as the analogue of chemical combination, 
the properties of which are, of course, essentially different from the 
properties of its elementary components. Intensity forms the only 
exception to this rule 

6. We do not make any general distinction between intensive and 
qualitative fusion, because the connection of two or more sensations, 
which differ in intensity but are in all other respects identical, gives 
nse to what is really a single sensation, incapable of resolution into 
its components by any refinement of analysis (cf § 42. 3) But a 
high degree of fusion of qualitatively different sensations carries with 
it a resultant intensity, which may be considered as the intensity of 
the fusion whole. It is conjecturable a piiori that this resultant inten- 
sity will stand in a definite relation to the intensities of the primary 
impressions We may expect, in accordance with Weber’s law, that 
the total intensity will be noticeably greater than the intensity of a 
given component, only when the intensity of all the rest taken together 
is at least equal to the upper difference limen of that component* 
As a mattei of fact, it has been found in experiments upon the inten- 
sive suppression of a sound sensation by another simultaneous sound, 
that the stimulus intensities must stand in the ratio 1:31! the weaker 
is to be just audible beside the stronger. If we translate this result 
into terms of sensible discnmination as determined by the aid of suc- 
cessive stimuh, it tells us that two sound intensities must be just 
noticeably different when they are in the proportion of 3 to 4, or 

when — = 4.' But this is the exact value of the relative difference 
r 

Iimen obtained m previous experiments on the sensible discrimination 
for sound intensities (cf. § 25. 4) This relation to sensible discrimin- 
ation enables us to state at once the general law governing the 
total mtensity of a tonal fusion, wherever the conditions of a total 
intensity *are realised. The lower the degree of fusion, the more 
difficult does^t become to say anything positively of its total 
intensity. 

7. It might be imagined that the phenomena of tonal fusion itself 
can be simply explained as instances of the intensive suppression of 
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component by component; that as a total intensity is not equal to 
ttie sum of the intensities of the separate elements (Weber’s law), 
the intensity of each of the connected tones must suffer, and ^ analysis 
be consequently rendered more difficult. The hypothesis would be 
inadequate, if only foi the reason that it leaves altogether out of 
account the influence of sensation quality upon tonal fusion, which is 
demonstrably very considerable. But it is wrong m principle. Diffi- 
culty of qualitative analysis is not by any means identical with 
dimmution of the intensity of the sensations. In certain circumstances, 
a complex of weak sensations may very well be easier of analysis 
than a connection of mtensive elements The distinctness of a con- 
scious content is not the same thing as its intensity Unfortunately, 
we have no systematic investigation into the analysis of sensations 
under unfavourable intensive conditions But the difference between 
the clearness or distinctness and the intensity of an impression has 
been clearly brought out of late in experiments upon the attention. 
We shall find frequent occasion, in our review of the various degrees 
of fusion, to make use of this factor of distmctness, and it will 
be seen that intensity is only one, and not the sole condition of 
fusion. 

8. We have at present no reliable methods for the measurement 
of the degrees of tonal fusion. Stmnpf, who was the first to turn the 
concept of tonal fusion to general account in psychological acoustics, 
bases his inferences (a) partly upon his own observation of the total 
impression of different musical intervals, (h) partly upon the results of 
experiments made with unmusical subjects. But subjective analysis, 
here as elsewhere, furnishes too uncertam a standard for quantitative 
discrimination; and experiments upon the apparent number of tones 
contamed in a tonal connection are limited to unmusical persons, 
if the intervals are simple, and furnish at best a merely external 
rnrerion of the degree of fusion. Recourse should be had, therefore, 
to other methods of mquiiy. (c) An attempt has been made to 
utilise the reaction method m this regard (cf. §§ 69 ff). Two series 
of experiments were taken, with the major and minor chords as sti- 
muli; the reaction movement following the cognition of the special 
character of the chord. The reaction- time with the mmor was con- 
stantly though but slightly shorter than that with the juajor It 
remains to be seen whether this method is capable of wider applica- 
tion for the determination of degree of fiision The general rule 
would obviously be, that the chord which is the more quickly cognised 
is the worse fusion, (d) Another method of investigation which suggests 
itself is that of the reduction of the duration of the compared inter* 
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vals to the point at which analysis is impossible. If this limiting 
duration proved to be different for different intervals, it might be 
made a measure of the degree of fusion, on the assumption that the 
longer the time required for analysis, the higher must be the degree 
of fusion of the particular interval But experiments of the kind 
made with tuning-fork tones upon musically educated subjects have 
not given any satisfactory result Plainly, then, there is great need 
in this department of psychology of the elaboration of delicate and 
tiustwoithy methods. Especially would it be desirable {e) to employ 
the qualitative sensible discrimination for the testing of degree of 
fusion. — The facts and laws given in the following Sections are, for 
these reasons, derived rather from occasional observations and the 
rules which obtain m music than from any exact experiments. 

§ 44. The Dependency of Tonal Fusion upon the 
Quality of the Components, 

1. We have only to compare two intervals like the octave and 

the major seventh to see that the quality of the tones contained in 
a tonal connection is not indifferent for the umtanness of the impres- 
sion. The analysis of the octave, where the vibration rates of the 
two tones stand in the ratio i * 2, is extraordinarily difficult, — not 
always possible even foi musically educated persons , while the presence 
of two tones m the seventh, where the vibration rates are in the ratio 
of 8 : 15, is usually cogmsed even by unmusical subjects Treatises 
upon harmony distinguish between consonant and dissonant intervals, 
and divide the consonances into perfect and imperfect. Perfectly 
consonant intervals are the octave, the fifth, and the fourth; in which 
the ratios of vibration rates are i * 2, 2 3, and 3 4. Imperfectly 
consonant are the major and minor thirds and the major and mmor 
sixths, whose vibration rates stand in the relation 4:5, 5 ‘ 6, 3 : 5, 
and 5 : 8 respectively. AU other intervals are dissonant , more 
particularly the major and minor seconds and the major and minor 
sevenths, whose ratios are 8 . 9, 15 . 16, 8 15, and 4: 7. The 

different intervals have different affective values ; dissonances are 
certainly less pleasant than consonances. But if we refer their dis- 
crimination not to relative pleasmgness or unpleasingness, but to the 
degree of unitariness of the total impressions, we may conjecture that 
the musical order is in essential an arrangement by degree of tonal 
fusion. 

2. StumpPs observations are in complete agreement with this 
hypothesis. He distinguishes five different degiees of fusion within 
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the limits of the octave The highest («) is that of the octave itself; 
then follow (| 5 ) the fifth, (y) the fourth, and {8) the pure thirds and 
sixths; worst of all («) are the minor seventh and the remaining 
intervals. It is especially important to note that these degrees of 
fusion recur independently of the absolute pitch of the components 
We may, accordingly, lay it down as a general rule that the degree 
of fusion of two tones ts constant^ if the ratio of their vibration rates 
is constant. The rule can be easily veiified by a comparison of the 
same intervals in different regions of the tonal scale. It must not, 
of course, be confused with the law of sensible disci imination for tone 
pitch. In the one case we have a constancy of the absolute sensible 
discrimination within certain limits (cf § 15* 2); in the other an 
independence of the degree of tonal fusion as regards absolute differences 
of vibration rate, which lather suggests an analogy with Weber’s law 
(§ 26). But these facts of tonal fusion are only indirectly related 
to sensible discrimination, even as determined by the aid of succes- 
sive tonal stimuli ; and Weber’s law is not applicable to them, if only 
for the reason that the different mtervals present such var3ang difficulty 
of analysis. There is, however, one point of analogy, in the existence 
of upper and lower deviations from the fusion law. Owmg to the 
decrease of the absolute sensible discrimination, the equality of degree 
of tonal fusion in the same interval does not extend to the extreme 
regions of the scale in either direction The same reason accounts 
for the restriction of ordinary musical usage to a range of some 
seven octaves, embracing the vibration rates between (approximately) 
32 and 4,000. 

3. The degree of a fusion is not noticeably changed by slight 
deviation of the component vibration rates from their strict proportion. 
But it seems that the magnitude of the noticeable change is less, the 
higher the original degree of fusion, t e., that a slight misadjustment 
13 more quickly and easily cognised in the octave than in the fifth, 
and in the fourth than in the sixth. This law of the inverse ratio 
of the noticeable deviation to the degree of fusion is confiimed by 
the results of experiments upon sensitivity for the purity of intervals. 
These were made with tuning forks, and the two tones of each interval 
given in succession. In the order from greatest to least sensitivity, 
the series for one observer, e was as follows: octave, fifth, fourth, 
major sixth, major third, minor third, second, minor sixth, minor 
seventh, major seventh. The only important difference between this 
list and the senes of fusion degrees is the comparatively high position 
occupied by the second, which may, perhaps, he explaine'd from the 
frequency of this particular mterval in musical usage. Further investiga- 
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tion may, possibly, show that we have here a key to the quantitative 
definition of the degrees of fusion (cf. § 43 8). It should be noticed 
that the, fall of a fusion degree from a higher to the lowest level, in 
consequence of gradual alteration of vibration rate, appears to take 
place at once, ?.<?., does not involve a transition through all the inter- 
mediate stages. 

4. There remain the intervals beyond the limits of the octave 
Stumpf asserts that 'the degree of fusion outside the octave remains 
the same, if the vibration rates of the primary tones stand in the ratio 

V 

— ; where v is the vibration rate of the lower tone, v. that of 

V 

the higher, x a simple whole number, and -J- > — > I-, With 

the mtexval becomes an octave. — If this law holds, the double octave 
(1:4) has the same degree of fusion as the octave, the twelfth (1*3) 
the same as the fifth, the tenth (2 : 5) the same as the major third, 
etc. But, in the author’s observation, these results do not accord with 
the facts. While the relative degree of fusion remains the same for 
intervals beyond the octave that it is for corresponding connections 
within the octave, all the intervals of the former kind stand upon a 
somewhat lower level of fusion than their less remote correlates. In 
other words, the double octave possesses a higher degree of fusion 
than the twelfth, the twelfth than the tenth, etc , but the double octave 
in its turn fuses less well than the octave, the twelfth than the fifth, 
etc No moie positive statement can be made at present of the 
relation between the fusion degrees of intervals beyond the octave 
and those of connections within the octave. 

The difference between the various discriminable degrees of fusion 
seems to increase with increase of the fusion itself The difference 
between the fusion of the octave and that of the fifth is considerably 
greater than the fusion difference of the fifth and the fourth. 

As the different degrees of fusion do not appear to stand in any 
uniform relation to the relative differences of vibration rate, it is im- 
possible to explain the phenomena of this Section by leference to the 
physical composition of the sound waves, differences of tonal pitch, 
or other extraneous facts. Hence we have no choice but to conclude 
that the dependency of tonal fusion upon the quality of the com- 
ponents is* 'a problem for purely psychological or psychophysical 
solution. 

t H. SHIVAPURi 
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§ 45. The Dependency of Tonal Fusion upon the 
Intensity of the Components, 

1. Two questions fall to be considered under this heading that 
of the influence of the absolute, and that of the influence of the re- 
lative intensity of components upon tonal fusion As a general rule, 
alteration of the absolute intensity of the primary tones does not 
appear to affect the degree of fusion, provided that their relative 
intensity remains constant If two tuning-forks, whose tones constitute 
a defimte musical interval, are sounded at approximately equal inten- 
sities, and allowed to 'die away’, there is no noticeable alteration in 
the fusion. The same result is obtained if the resonance boxes upon 
which the two forks stand are closed, or alternately opened and closed 
by a sliding shutter, care being taken that the closure is equally 
effective in both cases: the absolute diminution and reinforcement of 
the intensity of the tones are mdifierent for the total fusion effect. The 
law is, then, that tonal fusion is independent of the absolute intensity 
of the components. There are, however, upper and lower deviations 
from it (cf § 44. 2); if the two components are very intensive 01 
extremely weak, the clang malces an impression of greater unitanness, 
and analysis is rendeied more than usually difficult. 

2. On the other hand, tonal fusion is to a very considerable extent 
dependent upon the relative intensity of the components. This is 
easily proved by experiments with tuning-forks; if one resonance box 
is closed, while the other remains open, the clang becomes distinctly 
more umtary, 2.^ , the degree of fusion is increased And the character 
of the total impression alters at the same time. If the intensities stand 
in the ratio i : i, t (?., if the components are of equal absolute inten- 
sity,^ the two tones contained in the interval are of equal import- 
ance in perception; but if the components are of unequal absolute 
intensity, the total impression inclmes to the side of the more inten- 
sive tone, so that the weaker is more or less effectually reduced to 
the condition of a mere attribute of the stronger. It gives a certain 
colouring, if the expression be allowable, to the predominant tone of 
the complex, and the unitariness of the resultant fusion is inversely 
proportional to the distinctness of its specific quality within the tonal 
connection.— The most favourable conditions of analysis are, therefore, 
given with equal absolute intensity of the components. We cannot at 
present, however, obtain any exact formulation of the law of change 

' . . . 

' It must be remembered in this connection, that equal intensities of tonal stimuli 

are not necessarily correlated with equal intensities of sensation: cf, § 24. 5 
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of fusion degree with variation of the relative intensity of the compo- 
nent tones. Two questions in particular must be left for the future 
to decide^ We cannot say whether Webei’s law exerts an influence 
upon the course of fusion change, or how it is affected by the quali- 
tative differences already mentioned (§ 44) 

3. (i) The best illustration of an alteration of tonal fusion with 

vaiiation of the relative intensity of the components is furnished by clang 
colour (§ 14. 4) The fundamental in a simple clang is ordinarily more 
intensive than the overtones, while these again differ intensively among 
themselves Every musical instrument possesses a specific clang colour, 
and it has been demonstrated that the peculiarity is due to differ- 
ences in the number and intensity of the overtones contained in the 
clang. It can be easily shown that the fundamental is not the exclu- 
sive determinant of the character of the total impression. A clang 
which IS rich in overtones, especially if it belongs to the lower region 
of the scale, seems higher than a simple tuning fork tone whose pitch 
IS the fundamental of the clang. And it sometimes happens that the 
first overtone of a clang is subjectively more intensive than the fun- 
damental, we have seen that higher tones in general are sensed as 
more intensive than lower tones of the same vibration amplitude 
(§ 24. 5) Moreover, the overtones of a clang are not all equally easy 
of analysis. Certain of the higher overtones are often particularly dis- 
tinct: thus in the clang of a reed-pipe, whose fundamental is the c 
of 128 vibrations, the fomth overtone (the e" of 640 vibrations) is more 
easily cognised than the third (the c'* of 512 vibrations) It is evident 
that we have in this fact a reference to the qualitative degree of 
fusion Hence it may be laid down as a general rule that the odd 
numbered overtones, other things equal, are easier of analysis than 
the even numbered immediately before them (cf. § 46. 4). 

4 The unitariness of the clang has been vanously explained. (1) 
Helmholtz, m the first three editions of his Lehre von den Tonemp- 
findungen, attempted to account for it by customary association. We 
are accustomed, he said, to look upon a sum of sensations as the 
sign of a smgle object, and the ability to resolve this sign into its 
elements comes only with special practice and a gradual acquisition 
ot knowledge. The clang of the violin is characteristic of the violin, 
the clang of^the piano charactenstic of the piano, and the unitaimess 
of the object suggests a unitary apprehension of its clangs. This 
view is certamly incorrect. For [a) it has never been observed that 
the reference of a clang to an object ceases at the moment when some 
one of Its overtones becomes audible, {b) Again, the musician, who 
is familiar with instruments, is better able, as a general rule, to analyse 

IQ 
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their clangs than the unmusical person, whose ignorance may entiiely 
prevent him from referring a given clang to a particular instrument 
(c) Agam, it does not follow that because one overtone is audible, 
all the rest are at once perceived, although the connection of the 
clang is broken by the first step in its analysis and its reference to 
an object thereby made impossible, {d) And lastly, the pnnciple is 
in any case inadequate to the unitariness of total impression in a 
compound clang, in which, nevertheless, precisely the same phenomena 
recur, with a simple difference of quantity (11) Helmholtz subsequently 
gave up this view for another, in which the problem of the clang is 
inverted Instead of seeking reasons for the unitariness of the impres- 
sion, he now attempts to explain the possibility of its analysis The 
explanation hinges upon the alleged empirical fact, that if overtones 
are to be analysed out of a clang, they must previously have been 
perceived separately But it follows from what we have already said 
of the punty of overtones when heard (§ 43 4) that this lule is not 
without exceptions; and in any case it would apply only to a portion 
of the phenomena under consideration (§ 47. 8). 

5. (lii) Another view makes the clang the psychical resultant of 
simultaneous nervous stimuli, one or other of which may be brought 
to perception by a special direction of the attention. We need not 
here enter mto the question whether this interpretation of the facts 
is adequate as a theory of tonal fusion itself. It is preferable, in 
any event, to consider the clang simply as a particular form or degree 
of the general phenomenon of fusion, (iv) And lastly, an attempt 
has quite recently been made to explam clang colour by the ascrip- 
tion of an analogous characteristic, tone colour, to simple tones. The 
difference between a dull and a clear clang can only be explained, 
it is urged, by the attribution of a certain clearness or dulness to the 
separate tones. Tone colour varies with tone pitch, and the resultant 
of the colours of the individual tones is clang colour Such a view 
obviously gives up all the advantages of the concept of fusion. 
The character of the total impression is necessarily different from 
that of the separate components, and a unitariness of certain 
clangs is implicit in the very idea of fusion, since fusion, accoiding 
to circumstances, has all degrees, up to a complete impossibility of 
analysis. But the fact that a sensation cannot be qualitatively analysed 
out of a complex of impressions can never be interpreted to mean 
that it is not present: each of the components must be imagined to 
contribute a certain share to the total impression. All the separately 
imperceptible overtones of a clang contnbute something, as their 
intensity and quality allow, to the perception of the whole; and 
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the sum of these contributions constitutes what we call clang 
colour. 

6 . We are thus led by our discussion of the clang to the consider- 
ation of an important fact of general psychology, that of the co-opera- 
tion of unnoticed components in the total effect of a connection of 
conscious processes We might, peihaps, use the word unconscious to 
denote these components, and so find a place for the term, which we 
have hitherto avoided, in oui desciiption of psychical phenomena 
Nothing could be objected to this usage if the observations which we 
are here describing had furnished the sole reason for the origination 
and apphcation of the concept As ordinal ily employed, however, it 
includes processes, whose very existence is not attested by introspec- 
tion, but which are merely the results or the postulates of certain 
philosophical reflections. Some authors, e have urged the necessity 
of a ‘pure’ psychology, — and ‘pure’ psychological exposition and dis- 
cussion require the aid of unconscious mtermedianes; others have 
interpreted the principle of psychophysical parallelism to mean that 
an unbroken chain of psychical processes must be correlated with the 
uninterrupted continuum of physical The ‘unconscious’ which is 
reached in this way is not only unknown to introspection as a specific 
process, but does not either betray its existence by any sort of modi- 
fication of the material of perception. For ourselves, who believe that 
an empincal psychology must and can hold aloof from the acceptance 
of any such metempirical concept, an ‘unconscious’ is possible only 
in the sense of a constituent of a connection of elements, which 
contributes something to the total impression, but is not separately 
perceptible. The ‘unconscious’, in this meaning of the word, is 
chaiacteristic of the activity of two processes, fusion and attention 
(§ 7 ^- 3)- J^st as in the clang the various overtones which accom- 
pany the fundamental combine to form a total impression (clang 
colour), the cogmtion of whose indiAridual constituents presents more 
or less of difficulty, so in the consciousness of a given moment all 
those various processes upon which the attention is not directed con- 

, stitute an unanalysed whole, the background, asit weie, of the favoured 
process placed at the fixation pomt of attention. 

7. Clang colour is not the only normal instance of a dependency 
of tonal fusion upon the relative mtensity of the components. The 
same phenomenon can be observed (2) in compound cJangs, in 
which the simple clangs that carry the melody are made especially 
intensive. When an air is sung to a continuous harmonic accompani- 
ment, the ^oice stands out most clearly in virtue of its relative 
intensification, while the tones accompanymg it combine to form a 
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total impression which is comparatively little analysed. We may, 
therefore, lay it down as a general rule that a fusion is more complete, 
the greater the lelative difference of the component intensities. 

(3) Another instance is furnished by what are called combtnahon tones, 
which are of two kinds: difference tones and summation tones. The 
vibration rate of the former is given by the difference between the 
vibration rates of the primary tones, that of the latter by their sum. 
Thus, if two tones are given whose vibration lates are 256 and 384, 
we shall have a difference tone of 128 and a summation tone of 640. 
Both, and the summation tones in particular, are relatively weak. 
Hence they were not discovered until very late, — the difference tones m 
the eighteenth and the summation tones in the nineteenth century 
Nothmgis known with certainty of their objective origination Helmholtz, 
it IS true, has shown by calculation that both kinds of combination tones 
are produced by the interference of two different tone waves But we 
do not know in what relation these secondary waves stand to the 
auditory apparatus; and the fact that difference tones can be fairly 
distinctly heard where the primary tones are relatively weak is an 
indication that the condition of their production is not to be looked 
for simply and solely in the formation of resultant vibrations,— which 
are set up only when the primary sound waves are intensive. It has, 
therefore, been recently suggested that the difference tones are in 
leahty heat tones ^ , tones arising from the recurrence of beats at 
a certain rapidity. Beats (§ 14, 3) are intensive fluctuations, which 
are perceived with especial clearness when the difference between the 
vibration rates of the primary tones is but slight Their number 
tallies exactly with this difference of vibration rate, since the maxima 
and minima of intensity, the waxing and waning of the tone, are 
dependent for their frequency upon the periods of the two sound 
waves If the difference is increased, the rate of succession of the 
intensive fluctuations will also be increased, and we may ultimately 
have a third tone whose pitch is defined by the number of beats 
m the second. 

8. If the vibration rates of the two beating tones are but slightly . 
different, we ordinanly hear a smgle tone which sounds alternately 
stronger and weaker. With a more considerable difference of vibiation 
rates, we sense the separate tones, their beats, and also a new, third 
tone This tone cannot be termed either a beat tone or" a difference 
tone, as its vibraton rate lies midway between the rates of the primary 
waves It appears to suffer most of all from the fluctuations in intensity. 
We may conjecture (and the conjecture is m accordance with auditory 
theory) that the tone arises from a co-excitation of the parts of the 
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auditory apparatus lying midway between the sensory fibres which 
subserve the perception of the primary tones 

In all probabihty, difference tones are difFeiently originated from 
beat tones There are various reasons for this view, {a) Diffeience 
tones are relatively distinct in consonant intervals which give no 
perceptible beats, {b) Difference tones require for their production 
an equal absolute intensity of the primary tones, wheieas a difference 
of this absolute intensity is the most favourable condition for the 
formation of beat tones It has been similarly conjectured that 
summation tones are simply high overtones, and not new formations. 
But the most recent observations seem to show that they are clearly 
audible imder circumstances which hardly admit of the origination of 
noticeable overtones. Thus, if the primary tones stand in the ratio 
I • 10, the tenth overtone of the lower clang will be hardly perceptible, 
and yet a tone coi responding to its relative vibration rate, il, is 
heard with comparative distinctness when the two are sounded together. 
There are also summation and diffeience tones of the second, third, 
etc., order, in addition to those of the first order which we have 
mentioned hitherto. A difference tone of the second order is produced 
when the difference tone of the first older forms a difference tone 
with one of the primaries. The combination tones of these higher 
orders are not always weaker than those of the first order. 
cannot here enter into the further details of the subject. 

§ 46. The Dependency of Tonal Fusion upon * 

Number of the Components. 

I. In the previous Section we confined ourselves as far as pos- 
sible to cases of the fusion of' two components, although the instances 
of a fundamental with its overtones, and of two primaries with their 
combination tones, took us beyond the limit of composition of the 
simple musical interval So far, however, we have only been interested 
to determme the influence of intensity m these connections. We must 
now enter upon a systematic investigation into the changes of fusion degree 
caused by the addition of a third tone, of approximately equal absolute 
intensity, to ,tke two tones constituting an interval. A tonal connection 
which consists of more than two simultaneously sounding tones is called 
a chord It is of especial importance to discover whether the influence 
of the numl^er of components is dependent upon the purity of the 
selected tones, in other words, whether it is modified in any way by 
clang colour. It seems to follow from the observations of Stumpf and 
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of the author, as well as from the facts of musical practice, that the 
clang colour of the fundamentals contained in a choid is ordinal ily 
indifferent. The rule is at least so far true, that the relations obtain- 
ing between fusion and number of components in different compound 
clangs remain relatively the same; although the degree of fusion, 
absolutely regarded, is usually higher in clangs than m simple tones 
This fact simplifies our investigation very considerably. The problem 
reduces itself to that of the relative modification of the various degiees 
of tonal fusion by the number of components In particular cases, 
where certain overtones are very intensive, the degree of fusion will 
be dependent, of course, upon the quality of these overtones, as well 
as upon the number of the fundamentals; but such cases are excep- 
tional. 

2. If we strike on the piano the notes c-g-c* m the middle region ot 

the tonal scale, we have fusions of octave and fourth for the upper 
of octave and fifth for the lower c, and of fifth and fourth for the g 
Each of the tones seems more distinct in this connection than m the 
simple intervals c^c’ or c-g. On the other hand, g and are heard 
more distinctly in the interval g-cf than in the chord. It is the same 
with the connection f-g-d! . Here we have fusions of second and sixth 
for /; the tone is less distinct than in the interval and more 

distinct than m the interval f-d! . For ^ we have fusions of second 
and fifth; the tone is clearer than in the fifth g~d\ and less cleai 
than in the second f-g. From these and similar facts we may draw 
the general conclusion that where more than one interval is given 
a mean degree of ftmon is the result. The better fusion seems able 
partly to compensate the worse, and the worse partly to offset the 
better. This fact is of great importance for musical effect, the dis- 
sonant intervals are made far less harsh by combination, and can thus 
be employed with greater aesthetic advantage. For mstance, the chord 
of the sixth, df-g-h (the ordmary inversion of the chord of the 
seventh)^ shows but little trace of the unpleasant roughness of the 
fusion of the second 

3. The same law obtains beyond the hmits of the octave that 
holds withm it The combination of several tones or clangs gives nse 
to a mean degree of fusion, the resultant of the fusion degrees pre- 
dicable of the component mtervals as such. If the number of com- 
ponents is at all largely increased, an extraneous factor intervenes to 
prevent analysis, — the narrow range of our attention, our inability 
to observe and judge a large number of simultaneous processes with any 
degree of umformity We therefore restrict our inqmry mto the influence 
of the number of components upon fusion to the simplest case of a con- 
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nection of three tones or clangs. Here, too, we can naturally hope to 
discover really valid laws only when we have made accurate quan- 
titative measurements of the degrees of fusion. ' In all probability the 
number of components will then be found to admit of very consider- 
able mcrease, since the capacity of analysis must be specially tested 
for all the separate constituents of the connection. A procedure which 
might be serviceable m this regard would consist in the determination 
of the intensity which a component must possess if it is to be heard 
out from its connection. At present, the application of any such 
method is prevented by the diihculties in the way of a practicable 
objective measurement of tonal intensity. 

4. The clang, agam, furnishes one of the best illustrations of a 
fusion of several tones We have already spoken of the influence of 
relative component intensity m the connection of fundamental and 
overtones (§ 45). But it is beyond all question that the difficulty 
which certam of the latter present, to analysis is not wholly attributable 
to their relative weakness, but is partly due to the high degrees of 
fusion which occur among the overtones themselves, or at least among 
the first few of them. The ratios of the vibration rates of fundamental 
and successive ovei tones are expressed, of course, by the series of 
simple whole numbers, i: 2* 3: 4: 5. 6, etc, (cf. § 14). The first 
half-dozen partial tones obviously stand upon a high level of fusion we 
have the octave, fifth, fourth, major and minor thirds, twelfth, etc. 
This also explains the fact that certain overtones can be more dis- 
tinctly heard than others* they fuse less perfectly with the fundamental, 
the predominant tone m the clang (cf § 45. 3). Stumpf asserts that 
the degree of fusion of two clangs is the same with that of two tones, 
whose pitch is that of the fundamentals ot the clangs. But the view 
IS not borne out by facts, (a) A simple compaiison of an interval as 
given by the tunmg forks with the same interval as composed of the 
clangs of two reed pipes shows that clang fusion is greatei than tonal 
fusion. (/ 3 ) Moreover, the fusion of two clangs of equal pitch of fun- 
damental but different clang colour is by no means identical with 
the fusion of two clangs of the same fundamental and like clang colour, 
or with that of simple and quahtatively similar tones. In the two 
latter cases, the fusion is simply mtensive, and it is altogether impos- 
sible to an^yse the total impression into its components, or at least 
(in the instance of the clangs) to separate the two fundamentals; m 
the first case, the fundamentals can be easily held apart in perception. 
In a unison of instruments of different clang colour the individual 
clangs may quite well be distinguished, despite the likeness of their 
fundamentals. And a clang octave, in the same way, seems to fuse 
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decidedly better than a tone octave ^ All these examples tell against 
Stnmpf’s view 

5 The constituents of a compound clang are said to be ‘ related * 
when the fundamental of one coincides with an overtone of the other, 
when both contain one or more identical overtones, or when both are re- 
ferable to a common fundamental ' In the first two cases we speak of a 
direct^ m the latter of an indirect clang relationship. The degree of 
direct clang relationship is proportional to the number and intensity 
of the coincident overtones As the intensity of the overtones de- 
creases with increase of the number denoting their place in the series, 
diiect relationship will be noticeable only in clangs the vibration rates 
of whose fundamentals are expressible by small whole numbers. And 
as the number of coincident overtones decreases with increase of the 
distance of the first coincident pair from their fundamentals, the degree 
of direct clang relationship will be here determined by the nearness of 
the common overtones, i,e,^ again, by the smallness of the numbers 
expressing the vibration rates of the two fundamentals. Indirect 
clang relationship is proportional to the nearness of the common fun- 
damental to the fundamentals of the two related clangs. This defini- 
tion, again, makes the degree of relationship dependent upon the 
magnitude of the numbers giving the vibration rates of the funda- 
mentals ; a common fundamental must obviously lie nearer to clangs 
whose ratio is 2 ; 3 than to clangs whose ratio is 5 : 6, etc. It is 
evident that the series of degrees of clang relationship, obtainable by 
these cntena, is very similar to the series of grades of tonal fusion 
referred to above (§ 44. 2). 

6. Indeed, the earlier theorists (Helmholtz ^ and Wundt in parti- 
cular) have used the prmciple of clang relationship to explain the 
musical value of consonance and dissonance, harmony and disharmony, 
with or without simultaneous reference to the unpleasantness of the 
beats in dissonant mtervals (cf. § 48. 2, 3) But there are several 
indications that it is not adequate to the phenomena. (1) The 
consonance or dissonance of simple tones, and of clangs of different clang 
colour, IS precisely analogous to that of clangs of the same instrument. 

* If timing forks are used, I am always able to cognise the two tones in the in- 
terval of the octave, while I am aometimea deceived by clangs with numerous over- 
tones. This is perfectly natural, since the first overtone in a clang is ^he octaye of the 
fundamental, so that when the octave clang is given, this overtone is merely mtensified, 
and no new quality mtroduced with the total impression. 

* It IS irrelevant to the course of the present discussion that the two degrees of 
clang relationship recognised by Helmholtz are only partially identical ;with those dis- 
tmguished by Wundt (who is followed m the text), and that Helmholtz employs them 
pnacipally for the explanation of clang sequence. 
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This can hardly be explained by the rules of clang relationship We 
should expect, according to them, that intervals composed of pure 
tones, and consequently containing no common partial tones, would 
either not be consonant or dissonant at all, or would differ radically from 
clang intervals in their musical effect; and that clangs of different 
clang colour, whose overtones differ in number, quality and intensity, 
would vary very considerably m their harmonic or disharmonic 
character As was said above, this is not the case, (u) The senes 
of fusion grades is not in complete agreement with the senes of degrees 
of clang relationship ; and if the intervals about which they differ are 
judged by the standard of musical importance, the fusion series un- 
doubtedly has the advantage. Thus the clangs of the twelfth are 
moie closely related than those of the double octave. In the former, 
the first and second partial tones of the higher clang coincide with the 
third and sixth of the lower; in the latter, the first and second of 
the higher with the fourth and eighth of the lower. On the other 
hand, the double octave possesses a higher degree of fusion than the 
twelfth. And there can be no question that it is regarded in music 
as the more consonant interval. Or again . there is scarcely any 
difference in clang relationship between the clangs of the minor third 
and those of the minor seventh. In the former, the sixth partial tone 
of the deeper clang coincides with the fifth of the higher ; in the 
latter, the seventh partial tone of the deeper with the fourth of the 
higher. But the minor third is a distinctly better fusion than the minor 
seventh Here again, musical harmonics are on the side of fusion, 
(ill) Lastly, the degrees of clang relationship, and more particularly 
those of indirect relationship, seem to be intellectual constructions rathei 
than sensible relations. As there are no such things as undertones, 
the common fundamental, the nearness or remoteness of which deter- 
mines the degree of indirect clang relationship, can be given only as 
a difference tone or as a concomitant tone sensation associatively excited. 
These tones are invaxiably too weaJi, as the common partial tones also 
very frequently are, to furnish a satisfactory theoretic basis for the 
obvious differences of harmony and disharmony. 

7 . An especial importance attaches to the two great chord systems 
at present employed m polyphonic music, the major and the minor, 
or, as they were originally called, hard and soft (Germ, dur and 
moll). A’S^at first applied, these names did not refer to a difference 
in the compound clangs, but were simply different terms in musical 
nomenclature, indicating a difference of scale The sequence 
{b dti7umf was designated hard; and the sequence {b molli) 

soft. It IS evident that the two words were primanly used in quite 
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different meanings from those which they bear in modem music; and 
it is important to keep this fact m mmd when we aie tempted to 
draw an inference from the original names to the chaiactei and 
musical effect of the chords. If we compare the pure sensible rela- 
tions of the major chord, c-e-g, with those of the minor chord, 

*we find as a matter of fact, that the total impression is harsher, 
less 'soft’, in the latter case than in the foimer. The minor chord is 
evidently a worse fusion than the major (cf the results of expenments 
upon their reaction times, quoted above, § 43 8). On the relation- 
ship theory, this difference of major and minor is referred to the 
differences of direct and indirect relationship. The first common 
overtone of c- 6 -g is the ninth overtone of g, lies three octaves and 
a third above the fundamental of the highest clang. The fiist common 
overtone of is the third overtone of g^ i.e , lies a double octave 

above it. The distances of the common fundamentals of the two 
chords from c stand m the reverse relation. As the degree of direct 
clang relationship is ordinarily more important than that of indirect 
it would follow that the minor chord, whose clangs are more closely 
related directly, is the better harmony. This conclusion, again, is not 
borne out by the facts. At the same time, the laws of tonal fusion 
do not either furnish any valid explanation of the difference of major 
and minor, except on the assumption (which is no more than an 
assumption) that the serial order of the degrees of tonal fusion, 
the pitch of their separate components, has a determining mfluence 
upon the total impression. For we have precisely the same grades of 
fusion in the connection c-^e-g that we have in the major chord 
c-e-g. The only difference is, that the minor third comes first in the 
minor, and the major third first m the major. The assumption 
would, therefore, be that the degree of fusion of a chord vanes with 
the position of its constituent degrees of fusion within the tonal 
scale ; decreasing when the worse degrees are the lower, and mcreasing 
when they are the higher. 

§ 47. Other Conditions and Phenomena of Tonal Fusion. 

(^) W analysis of a connection of two tones is so far 

dependent upon the distance which separates them upon the tonal 
scale that their discnmmability ceases at a certain lower limit of dif- 
ference of vibration rate. It is noteworthy that the difference limen 
is considerably larger tor simultaneous than for successive^ tones. In 
this regard, however, individual differences are especially marked. Un- 
musical persons have been found who were incapable of analysing 
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an interval composed of two tones moie than an octave apart It 
cannot, of course, be said without qualification that the facility of 
analysis* of two tones is directly proportional to the difference between 
them Such a rule would not be reconcilable with the existence of 
qualitative degrees of fusion (§ 44. 2, 4) Here as elsewhere, different 
factors cross one another (cf. § 46 4), and their special influence 
cannot always be traced m the particular case. At the same time, 
the fact that the qualitative sensible discrimination is diminished when 
the stimuh are simultaneously given points unequivocally to the valid- 
ity of the geneial concept of fusion. 

2. Many persons hear the same tone diff'erently with the two ears, 
although they remain ignorant of the fact as long as the difference 
of quality does not exceed a certain limit The abnormality {dtpla- 
custs) may be restiicted to a single ear, may be transitory or chrome, 
and may be confined to definite parts of the tonal scale or co-ex- 
tensive with it, Stumpf found that the difference between two tumng 
forks held to the two ears might be increased to twelve vibrations, 
if beats were avoided if the tones were kept at a comparatively 
low intensity), before the difference of pitch became noticeable. The 
purity of the impression was not markedly impaired until the differ- 
ence had reached twenty vibrations The hmen in the middle region 
of the tonal scale (where the experiments were made) would accord- 
ingly amount to some sixteen vibrations, /.<?., would be about fifty 
times as great as the hmen for successive tones. The absolute sensible 
discrimination appears to decrease continuously under these conditions 
with increase of pitch, while the relative mcreases from the lower 
to the middle region and decreases from the middle region upward. 
It is very desirable that the observations should be systematically 
repeated ^ A curious point which they have brought to light is the 
fact that the discrimination of simultaneously sounded tones which lie 
near one another on the scale is easier with clangs containing numer- 
ous overtones than with simple tones. This divergence from the rule 
(§ 46. 4) must probably be referred to the mediation of noticeable 
differences by the more intensive overtones of the clangs. 

' 3 [b) Under the head of spatial relations we may consider the 

dependency of the analysis of a tonal fusion upon the localisation of 
its separa 4 :e components. We have, of course, no auditory space in 
the sense that we have a visual and tactual space (§ 4. 3); the spatial 
element in an auditory peiception is simply an associatively aroused 
idea of Jthe direction and distance, t e., of the locality, of the source 

^ Occasional expenments of my own have afforded a general confirmation of 
Stumpf s results. 
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of sound. This idea may be definitely visual or tactual; or it may 
be the unanalysed substrate of an ‘immediate judgment’ (cf. §62 2), 
As diffeience of localisation does not carry with it an actual spatial 
separation of the tones, its infiuence may very well be investigated, 
without prejudice to the chaiacter of the fusion as such. The result 
of inquiry is to put it beyond all doubt that the analysis of a tonal 
fusion IS greatly facilitated by a different localisation of its components. 
Thus, we can follow the separate clangs in orchestral music much 
more easily if we have our eyes fixed upon the instrument from which 
they proceed, while m the absence of any such aitificial aid to analysis, 
e.g , if the eyes are closed, the harmonic impiession of the whole is 
far more vivid and distinct. Stumpf had an unmusical subject, who 
almost invaiiably judged two piano tones to be one, however wide 
their separation on the scale and however dissonant their character; 
though with successive stmulation by tones taken from the middle region 
he could generally form a correct estimate of the difference of pitch 
If two forks were held to his two ears, he could cognise the separate 
tones in all intervals greater than the major third It seemed, there- 
fore, that sensible discnmination was assisted by divergent localisation. 
We cannot, however, say with any degree of certainty how far this 
whole phenomenon was due to direction of the attention, or, conse- 
quently, how far it is attributable to divergent localisation. 

4. (^) Two points call for notice under the rubric of temporal 
relations, (i) In the first place, simultaneity of the components in 
consciousness is the conditio sine qua no 7 i of fusion in general, (li) The 
dependency of fusion upon the duration of the tones has not been 
thoroughly investigated. We know that the qualitative sensible dis- 
crimination is essentially determined by the duration of the tonal 
stimulus (§ 15 ’' 4)* As a general rule, two vibrations are necessary if 
the impression is to be anything more than that of a mere noise, 
and about sixteen if the‘ clearness of the tonal peiception is to be 
maximal. These facts must certainly be of importance for fusion and 
analysis, (c/) The influence of partial tonal change^ t.e., of continuous 
or discrete intensive and qualitative variation of a tone or clang with- 
in a connection of tones or clangs, is similar to that of differences 
of localisation Everyone must have noticed how strongly the attention 
IS attracted m a concert by the voice which carries the melody. The 
singer s voice, even if comparatively weak, can be heard without 
special effort above a full orchestral accompaniment, in passages where 
it alone has to rise and fall, to execute tnlls and runs. Th^ fact that 
the same voice is obscured at once, if it is allowed to rest upon a 
single note, shows that the phenomenon is not wholly explicable by the 
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mere alteration of the degree of fusion. Nor is it a simple consequence 
of the analysing function of the attention It is haidly possible to 
single out the particular voice from a steadily continuous compound 
clang with the utmost strain of the attention. But let the voice move, 
while the accompaniment remains stationary, and the attempt will be 
immediately successful Partial tonal change, then, must be regarded 
as an independent factor in fusion analysis 

5 There is, therefore, a good psychological reason for the musical 
rule that the voice which carnes the melody shall move differently 
fiom the clangs winch form the accompaniment. Where, for some 
cause, the tempo of both is precisely similar, the melody is marked 
off from the concomitant harmonies by a relative intensification of it^ 
tones. — Another observation which belongs here is the following The 
reflected tones which we notice m passing by an echoing wall or walking 
through an avenue of trees, etc., are more distmct if the distance of the 
reflecting surface vanes, /.<?., if the tones themselves are subject to 
slight alteration of intensity and quality It is a piobable conjecture 
that the Oreads and Dryads of mythology had their ongin in the 
observation of these reflected tones. Difference tones also become 
more distinct when the primary tones are subject to slight fluctua- 
tion, and they themselves consequently undergo qualitative alter- 
ation. 

This influence of partial change makes itself felt in otber sense 
departments: the relatively mobile constituents in a visual idea, eg., 
are more easily noticed than the relatively stationary components 
We may, therefore, look upon it as a principle of general psychologi- 
cal importance. It is not improbable that the conditions of its origm- 
ation lie far back in the course of organic evolution. 

6 (2) We pass now to a brief discussion of the general conditions 
ot tonal fusion [a) Most important of these is the attention. The 
influence of attention upon the perception of a sensation complex 
IS ordinarily stated as if its function were exclusively analyticals 
Now there can be no doubt that the direction of the attention upon 
the particular tones in a compound clang is the most favourable and 
the most frequent condition of their mdividual analysis. But attention 
will serve equally well (m the author’s observation) to intensify or 
focus the total impression of the fusion, to bnng the given interval as 
such more vividly before consciousness It is, therefore, as incorrect 
to ascribe a purely analytical function to attention as it would be to 
look upoj all analysis simply as its effect The question before us is 
accordingly the question of the actual nature of the influence of 
attention. We will look at a few typically different cases, and attempt 
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to abstract from them a geneial idea of the operation of this factor. 

7. (i) The first case to mention is that of the analysis of particular 

tones or clangs. We make an effort, perhaps, to distinguish one of 
several equally intensive clangs If all are weak, we notice that the 
constituent to which the attention is turned is intensified. If all are 
moderately strong, it is again relatively intensified, though not abso- 
lutely it seems rather that the other tones or clangs, upon which 
the attention is not directed, are weakened Where the constituents 
are of unequal intensity, it is possible by concentiation of the atten- 
tion upon a weaker component to make it stand out against the 
stronger, — again by way of a marked intensification In this manner, 
individual overtones can be analysed from the clang which contains 
them, and successively brought to consciousness. The analysis is 
facilitated by the choice of a definite order in which the overtones 
shall be taken (li) The second case which we have to mention con- 
sists in the attentive perception of a tonal connection If a note is 
struck upon the piano, it is possible (in the author’s experience) by a 
suitable direction of the attention to smgle out whole intervals and 
chords from among the overtones of the clang. Here again, the tonal 
complex which is specially distinguished seems to be relatively inten- 
sified. On the other hand, it is exceedingly easy to bring out the 
total impression of a fusion by aid of the attention, if any special 
direction of it upon particular constituents is avoided. The most 
striking fact here is that the whole as such obtains an increased 
capacity of reproduction, z e., that it becomes effective for leproduction 
as a unitary idea. The influence of attention is thus seen to be exei- 
cised in two directions : it may eithei relatively intensify the partcular 
constituent upon which it is directed, or increase the capacity of a 
constituent 01 of the total connection repioductively to determine the 
course of ideation, 

8 {d) The influence of practice and fatigue must also be noticed 

Practice, like attention, may be operative in either direction — to facili- 
tate the analysis of a fusion or to prepare the way for the apprehension 
of the total impression We have already spoken of the great im- 
portance of experience, of familiarity with the individual tones, for the 
analysis of a clang 01 compound clang, and of the hypothesis suggested 
by it— that the constituents of a tonal connection, if they, are to be 
distinguished at all, must previously have been perceived separately 
(§ 45* 4) This theory is no more adequate than another, which refers 
ease of analysis to a reproduction of similar sensations It^is rather 
true, as a general rule, that practice assists the apprehension both of 
sensations and of their connections, the separate or conjomt perception 
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of simulianeous impressions. The assistance consists, primarily, in an 
increased facility and accuracy in the assignment of the material of 
perception to its place within the circle of ideas, present or available 
(cf § 5. 9). We must distinguish between general and special practice. 
General practice does not of itself qualify the hearer to understand 
and accept the novel and strange chords which modem composers not 
infrequently employ to the suipiise even of the musical ear. Fatigue 
is apt to retard the work of analysis. It is far more difficult to dis- 
tinguish the individual tones in a clang or to reduce a compound 
clang to its simpler constituents when the mind Is fatigued than when 
it is fresh. The effect of fatigue, therefoie, seems to be restncted to 
the inciease of fusion degree, to the reinforcement of the unitanness 
of the total impression. 

9. (c) Expectation and Habituation. — Expectation^ in the sense of 

a preparatory attention to particular components of a coming total 
impression, is a further aid to analysis. It very frequently takes the 
form of internal song, the soundless innervation of the larynx to 
the position required for the production of a certain tonal quahty 
Some psychologists have supposed that the recollection of tones is 
altogether dependent upon the occurrence of this motor excitation. 
The hypothesis affords another instance of the exaggerated emphasis 
of a single important condition (cf. 8, above). We find no difficulty 
in recollecting tones whose pitch far exceeds the limits of our own 
singing voice; and tones are far less accurately discriminated by help 
of the voice than they can be by memory. Equally untenable is the 
view which makes the function of the tensor iympani or stapedius of 
determining importance for expectation. It is quite true that strain 
sensations of more or less distinctness are aroused in the ear under 
the influence of expectation. But an accurate preparatory attention 
to tones of determinate quality is found to be compatible with absence 
of the tympanic membrane Expectation also serves to bring the im- 
pression of the harmony as such into clearer relief. Here again, i.e.^ 
it manifests itself as a particular form of the attention, capable, like 
attention itself, of influencing the perception of a tonal fusion in both 
directions. Habituation has a precisely sunilar effect. It lends an 
added distinctness to the total impression or to the individual consti- 
tuents of a connection, according as one or other Has been the object 
of repeated judgment or perception. A particular consequence of 
habituation is the formation of a tendency to mediate judgments. If 
we know the composition of a compound clang, we say at once that 
it is a combination of simple clangs, without having actually analysed 
the sensible relations in the particular case. 
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10, (3) It remains only to call attention to certain pecuHarities of 
the impression produced by a tonal fusion which have not been referred 
to in the previous Sections. Stumpf asserts that the pitch of a steadily 
continuous compound clang is the pitch of its lowest tone, even though 
this IS not absolutely the most intensive constituent Thus, if the 
deeper tone in the octave be suppressed, perception seems to spring 
across to the higher tone, wheieas the silencing of the higher note 
makes no essential difference in sensation The phenomenon recurs, 
though less distinctly, in other intervals, m direct proportion to their 
fusion degree. — As a matter of fact, the rule holds (in the author’s 
experience) only for stimulation by clangs containing numerous 
overtones The suppression of the fundamental clang is naturally far 
more prejudicial to the total sensation effect than the silencing of a 
higher clang, whose fundamental coincides with some more or less 
distinct overtone of the lower. It is, however, noteworthy m this 
regard that where high and low tones aie sounded together, the high 
suffer more by a relative intensification of the low than vice versa. 

Again, the apparent difference of pitch between the components of 
a connection varies with the nature of the interval which it represents. 
As a general rulei the distance between two tones seems to be lessened 
when they are sounded together; but an interval of low fusion degree 
and of slight difference of vibration rate may appear larger than one 
of a higher fusion degree and a greater objective difference of com- 
ponents. To an unmusical ear, eg., the second may appear laiger than 
the third, and the third than the fifth It is plain that ease of ana- 
lysis IS here made the criterion of difference — The mfiuence of fusion 
upon sensible discrimination is also seen in the ease with which clangs 
or noises of indefinite pitch accommodate themselves to otlier impressions 
of more defimte character which are given with them Orchestral 
music employs only two kettledrum clangs, which are a fifth apart. 
The dissonances which inevitably arise (as they do with the triangle 
and the bass drum, for similar reasons) are rarely reiparked, because 
the compensatory influence of fusion reduces the differences for 
perception. 

§ 48, Theory of Tonal Fusion 

I. Very different principles have been adduced in explanation of 
the facts set forth in the present Chapter, Before it was recognised 
that the musical relations of consonance and dissonance, harmony and 
disharmony could be brought under the general rubric of fusion, 
theory was simply concerned to account for the agreeableness or dis- 



§ 48 . THEORY OF TONAL FUSION, 


305 


agreeableness of the various intervals, or to deduce the differences of 
musical concord from purely intellectual conditions Thus Euler spoke 
of an unconscious countmg by the mind, and believed that the sim- 
plicity of the numbers expressing the relative vibration rates of the 
tones in different intervals exercised a definite influence upon their 
perception, their harmonic or inharmonic impression. This view has 
been recently levived by Lipps, who seeks to give it a psychological 
foundation by instancing the facility with which two movements can 
be executed together when the rapidity of one is a simple multiple 
of that of the other, and the rapidly increasmg difficulty presented by 
more complicated ratios. The nature of an interval as harmonic or 
inharmonic is thus determined by some sort of unconscious mental 
reaction upon the simple or complex relations of its component vibra- 
tion rates. 

2. It IS evident enough that the affective value of the different 
musical intervals was the first consideration in the framing of this 
theory. But it does not enable us to give any quantitative expression 
to that value. The analogy of the execution of movements in different 
rhythms breaks down as soon as we attempt to apply it. For if it 
held, very considerable difficulty ought to be experienced even with 
the ratio 2 * 3, and this considerable difficulty should quickly become 
excessive with increasing complication. This is not confirmed, of 
course, by the actual pleasmgness or displeasingness of the intervals 
And the hypothesis is inadequate on other grounds It makes no 
attempt to explam the different sensible relations of the perfect and 
imperfect consonances and t)f the dissonances. The connection between 
ratio of vibiation rates and musical effect, upon which it insists so 
strongly, is at most the postulate of a theory, not the theory itself 

Very much the same may be said of the theory proposed by 
Helmholtz, who makes the presence or absence of beats m a fusion 
of different tonal qualities the cause of dissonance or consonance 
A flickering light, an intermittent cutaneous stimulus, and the recur- 
rence of beats in more or less rapid succession are all unpleasant 
The objection has often been made that even if the explanation hold 
for dissonance, the definition of consonance remains purely negative. 
It is a more fundamental objection that the real problem has been 
altogether missed. Consonance and dissonance are not used primarily 
to denote the pleasant or unpleasant effect of a compound clang, but 
to specify the peculiar interrelations of sensations, the unitarmess 
or diversity of their total impression. 

3. It was soon realised that explanations of this kind were inade- 
quate to the great vaiiety of musical effect. Subsequent theories have 

20 
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for the most part drawn a sharp line of distinction between consonat^ce 
and dissonance, on the one hand, and harmony and disharmony on 
the other, and have applied the principle of clang relationship m their 
explanation of the latter. It cannot be demed that the prinaple affords 
a real theory of musical harmonics, and a theory which covers a 
large propoition of the facts. But we have already shown that it, 
too, must be pronounced inadequate (§ 46. 6^. Stumpf was the first 
to suggest that the musical categories had their psychological basis m 
the phenomena of tonal fusion (§ 43 8). On this view, it is un- 
necessary to emphasise the distinction between consonance and harmony 
or dissonance and disharmony * both may be regarded as simultaneous 
connections of tones. — The influence of beats, again, cannot be dis- 
puted They lessen the affective value of a compound clang and 
destroy the unitariness of its total impression. But they are not 
necessarily implied in dissonance, as is shown by the simple observation 
that equal degrees of dissonance may be connected with a very 
variable number and intensity of beats And where a tone is heaid 
differently by the two ears (dtplacusis\ the degree of dissonance is 
not diminished, although beats are altogether absent. 

4. We find mention of the fusion of tones m Herbart’s psychology. 
But the Heibartian concept is of metaphysical ongin, and has a quite 
different meamng from that which we have given to the word fusion. 
When sensations which belong to a single continuum meet within the 
mind, Heibart says, they fuse with one another more or less intensively 
according to their degree of opposition. This degree of opposition is 
defined in terms of the semi-tones of the tempered scale (§ 43 4). In the 
octave the relation of the components is that of complete antithesis, 
and the degree of fusion ^/la (the chiomatic scale contains twelve 
tones withm the octave). The degree of opposition in the remaining 
intervals is expressed by a fraction, whose denonainatoi is the number 
of semi-tones from the fundamental to the limiting tone of the interval, 
and whose numeratoi is the number of steps between this tone and 
the octave of the fundamental Herbart is thus led to the cunous 
result, that the degree of opposition in the fifth (expressed by ’^/s) 
is seven times as great as that in the second (^/lo = Since fusion 
is inversely propoitional to opposition, the octave is the worst and 
the second the best fusion. It is unnecessary to bring evidence for 
the statement that this entire view is in direct contradiction to the 
facts Herbart has obviously confused two processes which we have 
learnt to keep sharply distmct, — sensible disciimmation and fusion. It 
is true in general tl^at the discrimin ability of successive tones increases 
with increase of the distance sepaiating the equalities upon the tonal 
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scale. But in fusion other influences are at work, which largely . 
compensate the differences of vibration rate. 

5. It might be conjectured, from a purely psychological standpomt, 
that the similarity of two tones or clangs is the condition of their 
fusion. The rule would then be that the sepaiabihty of two contents 
simultaneously present in consciousness is mveisely proportional to 
their degree of similarity. Theie can be no doubt that tins view is 
imphcit in the principle of clang relationship community of fundamental 
or of certain overtones simply expresses a ceitain similarity between 
the related clangs. But the theory of similarity, in this sense of 
partial identity, cannot account for the fusion of simple tones 
Similarity may, theiefore, be given a different meaning, winch can 
be best illustrated, perhaps, by reference to the octave No one will 
deny that two tones whose vibration rates stand 111 the ratio i 2 
make a very similar impression on consciousness. Whether a succession 
of clangs be played m a higher or lowei octave makes very little 
difference to their perception But on the other hand, theie are no 
distmct degrees of similarity withm the octave. And if it is suggested 
that the degree of fusion is a key to the degree of smnlanty, the 
question aiises whether similarity is the condition of fusion or fusion 
the cause of the impression of similarity. 

6. In view of the difficulty which thus attaches to a purely psy- 
chological explanation of the phenomena of fusion, Stumpf has insisted 
upon the necessity of a psychophysical theory. And the dependency 
of tonal fusion upon the quality of the components seems to justify 
his contention.. The effects of attention, the influence of relative 
intensity, etc., refer us to conditions which obtain for all forms of 
conscious contents as simultaneously presented. But we have seen that 
the influence of the component qualities is shown in the appearance 
of wholly specific differences of fusion with alteiation of the ratios of the 
vibration rates of the exciting stimuli in a definite diiection. Stumpf has 
accordmgly set up a hypothesis of specific synergy. There is a specific 
syneigy for the octave, the fifth, the fourth, in short for all the diffeient 

. degrees of fusion, and its condition is given with the simultaneous 
occurrence of two specific excitations subserving the sensations of the 
tones composing the interval. N othing more is gained by this formulation 
than the embodiment of the postulate of a psychophysical theory in a 
single phrase In the existing state of our knowledge it seems impos- 
sible to read a concrete meaning into the notion of ‘specific synergy’. 

Literature : 

C. Stumpf, Tonpsychologie Vol, u., 1890. 

Cf the hterature cited under § 16. 
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Chapter II. The Fusion of Other than Auditory Sensations. 

§ 49, The Fusion of Colour Tone and Brightness. 

1. The view that a colour impression is at least as simple a matter 
as an impression of white or gray or black, which we find cuirent m 
the older psychologies, has in modem times given way to the convic- 
tion that every colour contams two^ qualities, a chromatic and an 
achromatic. Still moie recent is the recognition that alteration in the 
brightness of a colour cannot be termed an alteration of its intensity, 
except by an application of the word intensity in a sense foreign to 
its usual meaning There are three facts in particular which oblige 
us to regard a colour impression as a fusion of the two components 
colour tone and biightness. {a) The first is the peculiar modification 
of sensation by the continuous increase of the intensity of a homo- 
geneous hght. At the lowest degrees of intensity we have a brightness 
sensation, free from any trace of the stimulus colour. As the intensity 
increases, we get the impression of the colour. This colour sensation 
becomes mcreasmgly clearer in tone, reaching the maximum of satu- 
ration at a certam mtensity of stimulus. After this it grows less clear, 
and ultimately, at extreme degrees of intensity, loses its colour tone 
altogether, so that only a bnghtness sensation remains. The phenomena 
are practically the same for all colours, except that the tone varies in 
ceitain cases continuous increase of bnghtness is accompanied at first 
by an increasing and then by a decreasmg distinctness of the colour 
tone. There is no escape from the conclusion that colour tone and 
brightness aie two different qualitative components in the total impres- 
sion of a colour. And the inference is confirmed by the observation 
that the qualitative changes of brightness under these conditions are 
piecisely the same as those which occui m pure brightness sensations, 

2, (< 5 ) The second fact of importance is the compaiabihty of the 
brightness of a colour with a pure brightness. As a general rule, it 
is very difficult to compare the intensities of different sensations (§ 42 4). 
But recent experiments on the determination of the apparent bright- 
ness of a colour have shown that the selection of a gray of equal 
subjective brightness with a given colour is neither impossible nor so 
uncertain as might a priori be conjectured. This fact again points to 
the conclusion that what we call brightness in a colour is the same 
for sensation as the bnghtness of a white or gray. (<;) And lastly, 
Purkinje^s phenomenon (cf. § 19. 6) shows that colour tone and bright- 
ness are subject to different conditions in the different colours, and 
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that the total colour impression can hardly be explained except on 
the assumption of a fusion of the two qualities Certain quite recent 
experiments, it is true, have given occasion to a different mterpretation 
of this phenomenon,— to the notion of a specific brightness of colours, 
or to the hypothesis of an influence of the colour processes upon the 
brightness processes. At all events, the difference m the apparent 
brightness of different colours with objectively equal stimulus mten- 
sities again suggests that we are in the presence of a connection of 
different qualities. 

3. The investigation of visual fusion is rendered especially difficult by 
our mabihty to separate out the one of the components, colour tone, from 
its attendant bnghtness. Our inquiry into its facts and laws is, theiefore, 
confined to the comparison of colour brightness with colour bnghtness or 
of colour bnghtness with bnghtness proper. The latter method tells us 
nothing of the alteration which a colour tone qertamly undergoes even 
at the brightness most favourable for its saturation The alternative 
method, on the other hand, can be applied m vanous directions: (c;) 
we may determine the sensible discrimination for change in colour 
bnghtness with variation in the intensity of (as far as possible) homo- 
geneous hghts; (§) we may determine the sensible discrimination for 
the degrees of saturation of a colour with increase of the amount of 
its brightness component, or (y) we may determme the relative bright- 
ness of colours with change of the absolute intensity of illumination. 
Experiments have been made in ail three directions, though least ex- 
tensively by the second method The first and second methods have 
given results which can be assigned at once to a place withm our 
doctnne of fusion; but the observations so far taken by the third 
method are of a character which does not allow of their subsumption 
with any degree of certainty to the general rules of fusion. It will 
be noticed that the facts with which we deal m the present section 
would be ordinarily discussed partly under the heading of ' intensity of 
colour sensation’, and partly under that of ‘colour saturation’. Our 
reasons for depaiting from the customary procedure have either been 
stated already (§§ 17 — 19) or will appear in the course of the Section 
itself. 

4. (a) The sensible discrimination for the brightness of spectral colours 
has been found withm certain limits to follow Weber’s law. There is an 

S 

approximate constancy for all colours of — = This value is con- 

S 

siderably larger than the — — i-Jiy or less obtained under the most 
favourable circumstances for bnghtness sensations proper (cf. § 18 4, 5). 
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We may, therefore, infer that the sensible discrimination for brightness 
IS diminished when the compared brightnesses are connected with colour 

tones. It IS also noteworthy that remams approximately the same 

for all colours. The fact affords confirmation of our hypothesis that 
the brightness factor m colour is identical throughout, — is the bright- 

S 

ness sensation proper. The magnitude of —, on the other hand, seems 

to confirm the view that colour tone and brightness fuse with each 
other. At least, the reduction of sensible discrimination for bright- 
nesses, when connected with colour tones, stands m complete accord 
with the results of quahtahve fusion in other departments (§ 42. 2). 
Here, too, upper and lower deviations from Weber’s law have been 
discovered, of the same character as those which occur in the pure 
bnghtness series : there is increase of the relative difference limen 
in either direction, 

5 (j 3 ) Unfortunately, no systematic investigation has been made 

into the sensible discnmmation for the degrees of saturation of a 
colour. All that has been attempted is a determination of the angular 
magmtude of a coloured sector sufficient to give a just noticeable colour 
tone to a rotating disc of black, gray, or white These experiments 
contribute nothing definite to the solution of the fusion problem. It 
IS especially desirable that the question be made the subject of an 
accurate and detailed experimental inquiry, for two reasons. (1) In the 
first place, the method allows of a direct determination of the clear- 
ness of colour tones. Tests of the sensible discrimination for colour 
brightnesses (the former method) have as their primary object the 
defimtion of the just noticeable change of bnghtness; and although 
the clearness of the colour tone may change with its. bnghtness, the 
conditions of the experiment are too complicated to allow of any 
certain inference as to the dependency of colour saturation upon 
intensive variation of the homogeneous hght. Experiments should, 
therefore, be carried out on a diffeient plan* a gray of the same 
brightness with that of the colour under examination must be added 
to the colour in increasmg amounts, and the just noticeable degrees 
of saturation change recorded. In this way the apparent brightness 
would be kept constant, while the clearness of the colour tone itself 
or of the brightness sensation connected with it was altered step by 
step in a definite direction, (ii) But there is another purpose to be 
served by a detailed experimental investigation of sensible discrimina- 
tion for degrees of colour saturation. The system of visual sensations 
is ordmarily represented by the figure of a double cone, a double 
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pyramid or a sphere. The equatorial plane of the sphere, e.g ^ is 

formed by the colour circle, the periphery of which contains the 

saturated colours in their spectral order together with the purples con- 
necting red and violet (cf. § 19. 3); the two i^oles correspond to the 
most brilhant white and the deepest black; and their line of junction 
passes through all degrees of the pure bnghtness sensation between 
its two Ikmtmg values. The meridians then represent the vaiious 
changes produced in sensation by a simple intensive variation of 
a homogeneous light, or the degrees of saturation of a colour tone 
under the increasing influence of a very dark or very light colourless 
sensation. The lines connecting points upon the equator with various 

points on the line of junction of the two poles give the different 

degrees of saturation of bnghtness or colour tone between the two 
values taken. The double cone and double pyiamid are used in 
precisely the same way. The base of the two cones is the colour 
circle, and their apices represent the most brilliant white and the 
deepest black The base of the pyramid is formed by the triangle 
ordinarily employed to illustrate the phenomena of colour mixture 
§ 17* 5? Fig* 7) three piimary colours at its three 

angles, and the points of the two pyramids denote the two limiting 
values of the brightness series. Now it is evident that these figures 
can have no concrete meaning until we know something positively 
of the laws governing degree of saturation. We cannot say any- 
thing of the length of the various fines, or even of the form of 
the whole tridimensional figure, until we have ascertained (by a test 
of sensible discrimination) the number of distinguishable degrees be- 
tween any two limiting values. In any case, however, the figure 
could not represent the complete system of visual sensations, but 
would merely be a convenient illustration of the dependency of the ana- 
lysis of colour tone and brightness upon the relative weight of either 
component. 

6. It IS sufficiently clear from these remarks that we cannot at 
present isolate the various factors which are of influence for visual 
fusion so accurately and completely as we could the conditions of 
tonal fusion. In the latter case, we could trace the individual influ- 
ence of quality, intensity, and number of components. We cannot 
speak here^ of an influence of intensity, because there is no such 
thing as an intensity of visual sensation; and we cannot spealr of the 
influence of number, because simultaneous light impressions which are 
spatially co -incident piesent but two qualities to analysis,— a colour 
tone and a certain brightness The ^ mixed’ colours, as we saw above 
(§§ 17, 19), are just as simple in colour tone as the ^principal’ colours. 
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There is, therefore, only one method by which an influence of visual 
‘quality upon fusion can be determined we must ascertain the rela- 
tion of different colour tones to the different degrees of the bnghtness 
senes (y) A beginnmg has been made m this direction by expen- 
ments on the change of appaient brightness m different colours under 
the influence of change in the absolute intensity of illumination (the 
third method). Purkmje's phenomenon must be xegarded as one of 
the observations which belong here, as it shows the brightness of 
different colours with a reduction of absolute illumination to the pomt 
at which the specific quahty of the colour tone ceases to be cog- 
nisable, 

7. We have already given a brief description of Purldnje’s phenom- 
enon (§ 19 6). If the absolute brightness is reduced to the point 
just mentioned, the relative brightnesses of the different colours follow 
a quite different order from that in which they stand while the colour 
tone IS perceptible. At a relatively high mtensity of illummation the 
maximal brightness is reached by a yellow of about 605 as the 
illummation decreases, it travels in the direction of green, up to about 
535 We may lay it down as a general rule that the more refran- 
gible colours, from green onwaids, gain, while the less refiangible 
colours, from red to yellow, lose in relative bnghtness with diminution 
of the absolute illummation, and vice versa if the absolute illummation 
IS increased. Or, if we wish to express the fact in another way, we may 
say that red, orange and yellow have a positive, and green, blue and 
violet a negative bnghtness coefficient, while between yellow and gieen 
there must be a pomt of indifference at which bnghtness is mdependent 
of its attendant colour Beyond a certain limit of illumination there 
is but very slight apparent alteration of colour brightness. It might 
be inferred from this that colour brightnesses are 1 datively constant 
at a certain maximal intensity although the obscuration of Puikmje’s 
phenomenon under these conditions may also be referred to the 
diminution of the absolute sensible discrimmation with increasmg stim- 
ulus intensity. It is noteworthy that the distribution of bnghtness in 
the spectrum at the lowest degree of intensity differs very little with 
different mdividuals, and in particular holds for the monochromatic 
(cf. § 20, 5) as well as for the normal eye, whereas the determmation 
of relative colour brightness at higher intensities of illumination shows 
considerable diffcieuces as between different observers. 
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§ 5o Theory of Visual Fusion. 

1. Certain of the facts which we have outlined m the foregoing 
Section have always been of crucial importance for the formulation of 
a general theory of visual sensation The Purkmje phenomenon in 
paiticular cannot be intei preted on the Young-Helmholtz theory (§ 21) 
except by the aid of very complicated and impiobable hypotheses of 
the nature of the primary sensations and their dependency upon the 
absolute stimulus mtensity. We have already mentioned (§ 20. 6) that 
to a totally colour-blind eye the brightness of the vaiious spectral 

j colours at all degrees of absolute illuminative intensity are the same 
with those of the normal spectrum in Purkinje’s experiment, ie., at 
the lower limit of intensity, at which the coloiu tones as such disappear. 
An unbiassed consideration of this fact cannot but lead to the con- 
clusion that the bnghtness component in a colour impression is an 
mdependent factor, subject to special conditions The theones of 
Henng and Wundt are both able to take account of it Hering, indeed, 
finds one of the principal supports of his hypothesis in the coincidence 
of the monochromatic bnghtness sensations with the distribution of 
colour brightness at the lowest mtensity m the normal spectium. But 
Wundt’s theory, with its distinction between the chromatic and achro- 
matic excitations, is also adequate to the phenomena. It assumes that 
the intensive course of the two excitations is governed by diffeient 
laws * the achromatic begins earlier than the chromatic, and rises 
approximately m a straight line, while the chromatic increases rapidly 
up to a certain limit, and then remains practically constant at the 
same level of intensity. Hence the chromatic excitation must reach 
a relative maximum at a certain moderate degree of mtensity, on either 
side of which it grows relatively weaker. It is clear that this view is 
also adequate to the fact of a gradual increase in the intensity of 
homogeneous rays (§ 17. 3, § 49. i). 

2. Henng, however, goes on to assert that green and blue (the 
coloms of assimilation) obscure the bnghtness of the total impression, 
while red and yellow (the colours of dissimilation) increase it He 
does not offer any explanation of the manner in which this result is 
brought about. We might, perhaps, imagme that the assimilatory 
colours checked the dissimilation of the black-white substance, and 
that the dissimilatory enhanced it. The mutual independence of the 
two kmds of visual substance would then be given up for a partial 
dependency* of the black- white upon the colour substances. As a 
matter of fact, an attempt has recently been made by Ebbmghaus to 
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remodel Henng’s hypothesis upon these lines. On the new theory, 
all stimuli are dissimilative, have a decomposmg action upon the 
sensitive substance of the letina But the brightness of a gray is not 
exclusively determined by its pure brightness component, it is the 
resultant of this and of the bnghtness values of simultaneous chromatic 
excitations, whatever they may be. The view is supported by a veiy 
remarkable observation It is found that a gray which is procured 
by the mixture of complementary colours shows the same dependency 
upon the absolute intensity of illumination as is displayed by the 
two constituent colours under the conditions of Puikinje’s experiment. 
Thus, if a gray obtained from red and green is made equally bright 
with the gray obtained from blue and yellow at a certam low intensity 
of illumination, it will appear distinctly darkei than the second gray 
when the absolute illuminative intensity is increased. And the reverse 
effect is produced, if the two grays are made equal at a compaiatively 
high mtensity, and this is afterwards diminished Ebbinghaus declares 
that the phenomena can be understood only on the assumption that 
the chromatic values, even when they are not perceptible as such, 
exert an mfluence upon the intensity of excitation of the achromatic. 
In his own words, the brightness of a gray is ‘‘originally derived 
from two sources, from the decomposition of the white substance, 
and from the decomposition of the (in some respects antagonistic) 
chromatic substances.” 

3. But even in tliis modified form the Hering theory is not 
altogether satisfactory. Ebbinghaus has furnished a possible explanation 
of the brightening effect of red and yellow, but his view does not 
account for the contrary influence of green and blue. If there is 
summation of the decomposition processes in all the visual substances, 
we can understand why the decomposition of a chromatic substance 
should make a certain positive contribution to the excitation of the 
white substance; but there is no ground for the assumption of a 
negative contribution, such as is lequired by the observations with 
blue and green. Indeed, if we probe a little deeper, it* is not easy 
to see how either result is really explicable by the presuppositions of 
the theory. A ray of homogeneous light has but two attributes, period 
(wave length or vibration rate) and amplitude (energy or mtensity). 
The most reasonable hypothesis would seem to be, then, that the 
chromatic excitation is dependent upon the former, and the achromatic 
upon the latter. It is hardly conceivable that the excitation in both 
kinds of visual substance is dependent upon both of the stimulus 
attributes, as the theory declares, that increase of the decomposi- 
tion process in the one necessarily implies its greater or less increase in 
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the other. Iii other words, we cannot form any definite idea, in 
terms of physics and physiology, of the reinforcement of the brightness 
sensation by chromatic stimulation. Of couise, this only adds to the 
difficulty of the observation of the brightness of complementary 
colours (cf. 5, below) But the point to be made here is, that the Hermg 
theory as remodelled by Ebbmghaus is still inadequate to its explanation. 

4. In the author’s view, the Purkmje phenomenon is simply a 
phenomenon of fusion The different colours have very different 
effects upon the perceptibility of the biightness connected with them. 
Unjfortunately, we cannot say how then own cognisabihty is mfiuenced 
by this attendant brightness (§ 49 3), since bnghtness is as invanable 
m the colour impression as intensity m the ray of light. On the other 
hand, we know the nature of the pure bnghtness component in the 
colour impression from our own observation of colours at a low mten- 
sity of illumination and from the distnbution of bnghtness m the colour- 
blind spectrum As the apparent bnghtnesses aie differently distributed 
in the spectrum when the sepaiate colour tones are visible, we must 
suppose that the intermixture of colour quality exerts a defimte influ- 
ence upon the bnghtness of the total visual impression Red and 
yellow are relatively biight colours, green and blue relatively dark, ?.(?, 
m our own terminology, the impression of yellow or red enhances 
the quality of the pure bnghtness component in the fusion, while 
green and blue diminish its apparent brightness. Visual fusion is, 
accordingly, of an altogether different type from tonal fusion. The 
addition of colour to brightness not only renders the analysis of bnght- 
ness more difficult, but alters the quality of the brightness component 
in a definite direction. 

5, The difference between this view and that of Ebbinghaus is 
sufficiently plain. We regard the actual brightness of an impression 
as exclusively dependent upon the intensity of the homogeneous 
light, Ebbmghaus speaks of a contribution made to it by the colour 
components We, therefore, are under no obligation to accept the 
physical and physiological difficulties which arise upon the other theory. 
Visual fusion would rather be analogous to those mstances of tonal 
fusion in which fusion degree conditions an apparent alteration of 
quality (cf. § 47. 10). We found that an unmusical subject judged the 
interval of the second to be greater than the interval of the third, 
and the third greater than the fifth; a low degree of fusion was inter- 
preted as a considerable difference of quahty So here, a brightness 
appears greater than it is, when connected with red and yellow, and 
less than it is, when combined with green and blue. There is one 
fact, however, which requires a definite physiological explanation,— the 



constancy of the apparent brightness of the individual colours under 
constant conditions The simplest hypothesis is furnished by Wundt’s 
theory. Following it, we suppose that the different colours increase 
in colouring power and attain their maximal saturation at different 
rapidities, with equal increase of stimulus intensity. Red and yellow, 
attain their maximal clearness at a relatively low intensity, while 
a relatively high intensity is necessary for the maximal saturation of 
green and blue. This view receives support from observations on the 
time required for the perception of the various colours with perfect 
clearness (cf. § 19. 5) And it is an obvious corollary that a gray 
obtained from complementary colours cannot remain constant with 
alteration of the absolute stimulus intensity, but must inchne m the 
direction of one of the colour tones We thus have a very simple 
explanation of Ebbinghaus’ observation (2 and 3, above). 

§ Si. The Ftisioti of Other Sensations 

I (r) We find instances of qualitative fusion in other sense depart- 
ments than those of vision and audition (a) We can hardly doubt, 
€.g.j that olfactory sensations fuse, though not so completely as to 
prevent analysis of the individual components. But no exact obser- 
vations, to say nothing of experimental investigations, have as yet been 
made upon the question The first requisite for the understanding of 
olfactory fusion, as for the theory of olfaction in general, is a know- 
ledge of the adequate stimuli for the various olfactoiy qualities. (< 5 ) 
Certain phenomena of gustatory fusion have been observed Thus a 
mixture of salt and sweet substances in solutions of appropriate satur- 
ation renders the analysis of either component difficult (or prevents it 
altogether) under conditions which exclude the possibility of chemical 
interaction. The same rule seems to apply to other gustatory sub- 
stances, but the observations extant are not sufficiently numerous to 
prove its general vahdity. It is interestng to notice that contrast 
effects frequently occur when different gustatory stimuli are simultane- 
ously applied to different parts of the tongue Salt, is relatively 
intensified by acid, and conversely! It would appear, theiefore, that 
both forms of sensible connection are possible within the sense of 
taste; a contiast, or at least an independence of the component 
sensations appearing with their spatial or temporal separation, and 
fusion arising with identity of spatial and temporal conditions. Quan- 
titative results, however, must remain of doubtful value until we can 
attach an objective significance to the amount of gustatory substance 
contained in a solution (§ 12, 2, 4; § 24. 4). 
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2 . {c) Fusion is impossible within either of the principal classes of 

cutaneous sensations, for two leasons: their spatial attiibutes admit of 
no other connection than colligation, and their quahtative unitariness 
prevents any combmation of different qualities There is only one 
fact to mention under this head * the prepondeiance of pain over the 
sensation qualities which it accompanies If a pressure, cold, or heat 
stimulus is inci eased to the point of pamfulness, the resultant impres- 
sion IS essentially the same. Pain is here regarded, of course, 
not as affective tone, but as a special quality of sensation (§ lo, 4) 
{d) That there is something analogous to fusion in the sphere of the 
organic sensations is shown by the difficulty of their introspective 
analysis We have seen that special expeiiments were required before 
anything positive could be discovered as to the quality and physical 
origination of the sensations of the ‘muscle sense’ (§ 22. 2). Even 
now we are by no means certam of the specific qualities of common 
and oiganic sensation, so difficult are they of analysis. We cannot 
doubt that practice, and the accuracy in the direction of the attention 
which practice brings, must always play an important part in their 
discrimination But that these general factors are not the exclusive 
conditions of analysis is shown by the fact that a tempoial sepaiation 
of the constituents greatly facilitates their mdividual cognition. 
(«?) Lastly, there are certain other facts of fusion to mention in the 
department of auditory sensations. Considered as simultaneous im- 
piessions, the rustling of the wind, the hissing of steam, the roll of 
thunder, the roar of a salvo of artillery, the rumbling of a wagon, 
etc , must all be interpi eted as fusions of simple noises (non-periodic 
vibrations) or of simple tones (uniting to form aperiodic vibrations) 
or of tones and noises. 

3. (2) So far we have spoken only of connections of qualities 
within one and the same sense, We must now examine the simul- 
taneous connections obtaining between qualities of different sense 
depaitments. Heibait proposed to call these connections ‘complica- 
tions’ (§ 42. 4) They all seem to fall withm the general meaning 
of the term fusion : «>., they give rise to a qualitative total impression, 
and are difficult of analysis into their individual constituents. The 
most favourable conditions are leahsed when the connectioa has 
become empirically associated to a definite idea, and when a single 
stimulus sets up simultaneous excitations in different sense organs. 
(a) Thus a gustatory substance often serves as a stimulus to the pressure 
sense of Jhe buccal cavity and to the sense of smell, at the same 
time that it excites the organ of taste. This explains why the sense 
of taste is commonly accredited with so many qualities which really 
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belong to the sense of smell (§ 12. i) Our customary foodstuffs 
{meats and many vegetables) are tasteless, and obtain a gustatory 
value only by the intermixture of salt, sugar, etc Ncveitheless, all 
these substances, which we actually disciimmate by smell, are ordi- 
narily regarded as possessed of special attributes for the affection of 
taste. The same thing holds of the * taste * of a good cigar or a fine wine 
or a refreshing fruit And the co-operation of the piessure sense is 
implied in many names for ^tastes’ biting and burning tastes, mild 
and astringent flavours are certainly lefeiable to its influence In every 
case, tire fusion is prejudicial to accurate analysis 

4. (b) Similar phenomena recur in the domain of cutaneous sen- 
sation. Pressme and tempeiature readily combine to a qualitative total 
impression. Light contact may be confused with a temperatuie stmiu- 
lation, and conversely It has been inferred from these facts that the peri- 
pheral conditions of the origination of temperature sensations (waimth 
or cold) must be identical with those of the production of pressure 
sensations. The conclusion is certainly incorrect. For (a) confusions 
of the kind are by no means uncommon elsewheie under similar conditions 
of stimulation; (|J) recent investigations have proved that thermal sensa- 
tions are excitable by simple mechanical pressure upon the skin; and 
(y) there are many reasons for the separation of the peripheral appara- 
tus of pressure and temperature (cf. §§ 10 and 1 1). To explain the obser- 
vation we must rather suppose either that the sensations perceived are 
actually produced, or that the frequent connection of the two kinds 
of qualities prevents their cognition in the particular case Another 
fact which might be alleged here is that cold weights seem heavier 
than warm weights of the same objective magnitude. But it is pro- 
bable (§ 24. 3) that the wrong judgment can be adequately accounted 
for by the external conditions of stimulation. 

5. The various 'qualities’ of the sense of 'touch’, — smoothness 
and roughness, bluntness and sharpness, hardness and softness,— may 
also be looked upon as phenomena of fusion The components in 
every case aie the sensations proceeding fiom fnction of the articular 
surfaces, and sensations arising from pressure upon the skin We 
have seen that these two classes of sensations are exceedingly similax 
in quality (cf. § 22), so that ‘it is not surpiising that their ' analysis 
dates from very recent investigations. We can best infonn ourselves 
of the smoothness or roughness of an object by passing a sensitive 
portion of the skin to and fro upon it, by moving over it at a 
uniform rate. If the movement is not noticeably obstructed, the sur- 
face is judged to be smooth; if contact is more or less often intei- 
rupted as the movement continues, the object appears uneven or rough 
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In this case, the co-operation of the articular ‘ sensations of resistance ’ 
IS at least as important for the accuracy of judgment as the suc- 
cession of the stmiuli affecting the particular cutaneous area. The 
articular sensations are of less importance for the apprehension of 
sharpness and bluiitness, the discrimination of which depends for the 
most part upon the spatial characters of the piessure sensations aroused 
by the object They are more important, again, for the estimation of 
hardness and softness. 

6. The ‘sensation of double contact’ is also a combination of cu- 
taneous and articulai sensations If we touch an obj'ect with a stick 
or other solid body, we seem to sense, besides the pressure of the stick 
upon our skin, the resistance which the object offers to its progress, 
and we can judge of the quality of the surface touched in this indirect 
way with extraordinary accuiacy, when visual perceptions are excluded. 
This sensation of double contact is especially impoitant to the blind 
man, who has only his stick to aid him in ‘finding the way’ which 
he has to travel. There can be no doubt that experience (association) 
plays a part in the sensation, and is one condition of the apparent 
transference of sensation from the hand to the farther extremity of 
the stick which it grasps. But it is equally certain that the duplication 
of sensation is based on a definite sensory fact, — the diffeience in. the 
excitation of the cutaneous and articular sensibility by the obj‘ect held in 
the hand The distnbution of pressure over the surface of the hand is 
faiily irregular, and takes various directions; but the articular sur- 
faces are always stimulated from one and the same direction Here, 
therefore, we are able to analyse two components whose separation 
under normal circumstances is exceedingly difficult. It would be well 
if this interesting phenomenon were made the subject of exact psy- 
chological investgation, and attention paid to the physical relations 
involved. 

(c) In conclusion we may briefly mention that the common sensations 
are also to be regarded as phenomena of fusion (except where they 
are characterised by the succession of individual sensations ; § 23, 3) 
This would explain the extieme difficulty of their analysis, and the 
apparent novelty and pecuhaiity of their total impiession (§ 23. i : cf. 
clang colour). 
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Chapter III 


The Emotions and Impulses. 



§ 52 . The Emotions. 


1. Emotions and impulses are ordinarily classed together as 
processes This phrase emphasises the feehng element of the fusion. 
And the emphasis is natural, in view of the cuirent classification of 
the experiences in terms of affective quality— of the emotions as pleas- 
urable and unpleasurable, of the impulses as desires and aversions, and 
of the passions (which are referred to the same psychological category) 
as love and hate. The systematic proof that all these terms cover 
definite sensations as well as feelings, and that it is the sensations which 
give the vanous impulses and emotions their characteristic colouring, 
is of quite recent date. Traces of such a view, however, are discover- 
able in certain other customary classifications. Thus the distinction 
of exciting and depressing emotions, and the analogous discrimination 
of attraction and repulsion among impulses, plainly contam a reference 
to definite differences in bodily posture and movement, and their 
attendant organic sensations — The woids ^exciting’ and ‘depressing’, 
as applied to the emotions, are not stnctly identical with ‘pleasurable’ 
and ‘unpleasurable’: we have seen that there are two stages of unpleas- 
antness (§ 37. 3), so that the unpleasurable emotions may be either 
exciting or depressing. But this fact does not constitute a sufficient 
reason for the recognition of two new affective quahties (§ 35. 3). 

2. Our own view of the emotions and impulses is, then, that they 
represent the fusion of sensations and feelmgs. This theory enables 
us to understand the lateness of the discovery and definition of the 
sensations which they contain, (i) The sensible components are more 
or less obscured by the vividness of the concomitant feelmgs. Even 
now, we have no adequate knowledge of their various combinations, 
(u) Moreover, the sensations involved in an emotion or impulse are 
exceedmgly numerous, and consequently fuse to a characteristic total 
impression, (iii) And lastly, there are some emotions, expectation and 
surprise, whose affective tone, as pleasurable or unpleasurable, is 
hardly notceable It cannot be said, therefore, that their differentia 
is, the affective quality of pleasantness or unpleasantness “ A surpnse 
may be agreeable or disagreeable . expectation pleasant or unpleasant. 
This fact, again, has been luged in support of the hypothesis that the 
emotions are peculiar affective processes, co-oidinate with'' the feelings 
of pleasantness and unpleasantness. But it can haidly be denied that 
processes like expectation and surpnse owe their specific character 
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Simply to certain complexes of organic sensations — however difficult 
the description of these may be in the paiticular case. If we abstract 
from the ideas which aioiise the emotive leaction, then sole components 
(the feelings of pleasantness and unpleasantness being ruled out as 
characteiistic constituents) are organic sensations, which, however, as 
everyone knows fiom experience, weai a very different aspect in the 
two cases We thus obtain two classes of emotions one in which the 
organic sensations are so far piepondeiant that they appear to be the 
sole determinants of the character of the total state, and another whose 
essential characteristic is a feeling of pleasantness or unpleasantness. 
Between these two extremes is arranged the long series of raodeiately 
intensive emotions, in which the influence of feelings and organic sen- 
sations is appioximately evenly balanced 

3. The disci imination of emotions from impulses, which always 
involve definite feelings of pleasantness or unpleasantness, is difficult 
only in cases wheic the emotions themselves are characterised by the 
presence of a similar affective quality. It is sufficiently obvious that 
expectation and surprise are not impulses but the classificatoiy posi- 
tion of such experiences as angei and rapture can hardly yet be stated 
with any degiee of certainty. Various characteristics have been taken 
as distinctive of the two states Thus (1) the emotions are passive, 
the impulses active expenences. (11) Or the emotion may be defined 
as an affective process which is externally conditioned, the impulse as 
an internally conditioned process of the same ordei For the emotion 
is evoked, as a general rule, by the action of external stimulation, 
while the impulse is ordinarily originated by certain internal stimuli, 
(lii) A third ground of distinction has been suggested by Lehmann. 
The only certain criterion of emotion and impulsp, m his opmion, is 
the difieience m the movements to which they give rise. It is charac- 
teristic of emotive expression that the muscles whose innervation is 
independent of the will of the subject are thrown into contraction, 
whereas in impulse the principal part is played by the activity of the 
‘voluntary’ muscles. It is true that the voluntary muscles are also 
demonstrably concerned in emotive expiession; but the movements 
here, Lehmann declares, have not the definite diiection which they 
take under the influence of impulse. They appeal rather as irradia- 
tory processes, the causes of which are to be looked for in the exci- 
tations widely diffused throughout the central nervous system during 
a violent emotion. The difference between emotion and impulse is 
thus reduced to a difference between the emotive and impulsive 
movements, 

4. It is evident that this last attempt to formulate the distinguishing 
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characteristics of impiilse and emotion expressly renounces the appeal 
to introspection which is, neveitheless, our one reliable means of 
determining the quahtative natuie of psychical states At the same 
time, the definition of the objective differences in emotive and 
impulsive expression, if they are constant and well maiked, may 
prove very useful for the identification of the subjective expeiience 
And as a matter of fact, Lehmann’s distinction seems to agree with 
the first of the differences between emotion and impulse mentioned 
above, the difference of activity and passivity The most adequate 
description of the two processes will accordingly run somewhat as follows 
Emotion is a connection of feelings and organic sensations, whose 
sensible constituents are conditioned partly by the excitation of bodily 
changes independent of the volition of the subject, partly by innervation 
of the voluntary muscles, indefinitely diiected, and also independent 
of the will as such. Impulse, on the other hand, is a fusion of 
feelings and organic sensations whose sensible constituents are condi- 
tioned by voluntaiy movements, ideated or executed, more oi less 
determmate in diiection These definitions, it will be noticed, furnish 
the vindication or explanation of the positiveness of our recent 
distinction between the emotions which have no noticeable affective 
tone and impulses The organic sensations in expectation and surprise 
are entirely due to involuntary movement or stiam. — The remaining 
view, that external or internal stimulation is the characteristic condition 
of the origin of emotion or impulse, must be rejected as inadequate 
The exceptions to the rule are so numerous that it certainly cannot 
be made the basis of an exact definition of the two states 

5. There is no extant classification of the emotions which does 
justice to their character as analysed in the foregomg discussion 
Spmoza’s famous exposition (Ethics, Pt. Ill is not conceived at all 
from the psychological standpomt, and becomes rigidly schematic 
under the influence of the wnter’s geometric method. The main 
piinciple of classification of the emotions, as joys or sorrows, is the 
distinction of a tramitio a minore ad majorem and a majors ad 
minorem psrfectione^n . a fact which shows at once how completely 
unpsychological Spinoza’s procedure is In the popular classifications 
there is a conflict of the two divisions by pleasantness or unpleasant- 
ness and excitement or depression Some weight is also laid upon 
the intensity and duration of the various states. Angei and rage are 
exciting unpleasurable emotions; rapture and enthusiasm are exciting 
pleasurable emotions. Sorrow, care, and dejection, on the other hand, 
are depressmg unpleasurable emotions ; there are no nameaSle depressing 

pleasurable emotions. Intensive senes are formed by such states as 

/ 
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enthusiasm, admiration, and respect; rage, anger, and ill humour; rapture, 
joy, and content ; despair, sorrow and melancholy Duiation discriminates 
emotions like happiness and lapture 01 fright and despair. Relatively 
permanent emotive states are often termed moods; we speak of a 
happy 01 despaiiing, a cheeiful or sorrowful mood, and so on. No 
sharp Ime of distinction can be drawn between emotion and mood. 
The only point to notice is that there is no such state as an exciting 
unpleasurable mood, because tlie primary stage of unpleasantness, 
which IS correlated with an abnormal increase of excitability, is too 
transitory to persist as a permanent affective tone (§ 37. 3). 

6. A classification of the emotions, to be psychologically satisfactory, 
must take account both of the lelative prepondeiance of the particular 
emotive constituents and of their special nature No such classification 
is possible at the present time; the various emotions have not been 
subjected to exact analysis in either direction We can, therefore, 
do no moie heie than select certain types for characteiisation. We saw 
just now (2 above) that there are two extreme forms of emotion, 
between which all the rest may be arranged The one extreme is con- 
stituted by emotions in which the oiganic sensations are so completely 
predominant as to deteiminc the actual character of the emotion 
Emotions of this class we may teim objective. Here belong the 
processes of expectation and smprise, instanced above, together with 
amazement, etc We have already treated of expectation as a general 
condition of sensitivity and sensible disci imuiation (§ 5), of feeling 
(§ 39), and of tonal fusion (§ 47) In every case, it appeared to be 
a form of attention, an attentive preparation for a coming state, process, 
or content The emotive constituent in expectation consists essentally 
in the complex of stram sensations, which appear as the result of 
this prepaiation for some moie or less definite occurrence. The 
intensity of the emotion is ordinarily measured by the vividness of 
these stiain sensations. Thus we speak of a strained expectation, and 
refer to the amount of stram as agreeable or disagreeable The 
relation of these degiees of stiain to the feelings is governed by the 
rules which we laid down in our discussion of the influence of stimulus 
intensity on feeling (§ 37. 7) The strain of expectation, that is, 
may be agreeable or disagieeable, according to its duration or intensity. 
The phenoQienon is complicated by the feelings attaching to the 
ideas of the expected event, etc., which may also be of a pleasurable 
or unpleasurable character. Thus an agieeable strain of expectaton 
may be cgpnected with the idea of an unpleasant occurrence, or a 
pamful strain of expectation accompany the idea of a very delightful 
expenence. We atuibute a different character to expectation itself. 
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according as tlie one or the other feeling pi eponderates ‘Fear’ suggests 
the expectation of an unpleasant event, often connected with vivid 
sensations of strain; ^confidence’ the normal steadiness and evenness 
of strain sensation, which are mamtamed as long as the object of 
expectation remains indeteiminate. We may say in general teims 
that the clearness of the really emotive constituents of expectation, 
the strain sensations with their attendant feelings, is propoitional to 
the m determinateness of the ideas upon which expectation is dnected. 
This serves to explain the fact that the emotion plays a far more 
important part in the investigation of sensitivity and sensible dis- 
ci immation by the procedure without knowledge, than m expeiiments 
made by the procedure with knowledge. 

7. The ongm of the strain sensations which occur in expectation 
can, of course, be more easily traced when the ideas of the expected 
event are determinate than when they are indeteiminate. Expecta- 
tion is never wholly undirected* some ideas will be present, however 
indefinite. Hence no sharp line of distinction can be diawn between 
the procedure with and the procedure without knowledge. The strain 
sensations seem in every case to be preponderantly localised m the 
sense organ whose stimulation is expected. Thus if the content of 
expectation is a visual idea, we can trace more or less distinct strams 
in and about the eye, caused apparently by the contraction of the 
muscles which keep the eyeball turned in a definite direction and 
by the accommodation for a defimte distance. Expectation is charac- 
teristically expressed by arrest of bodily movement, steady and un- 
flinching gaze, the turn of the head for hstening, etc. All this ppints 
to an intensive strain upon muscles and tendons, appealing with 
peculiar distmctness in different parts of the body according to the 
quality of the expected impression. 

The objective symptoms of surpnse may be very fairly described 
as the precise opposite of those of expectation And subjectively it is 
the antitype of expectation. Theie is no preparation foi the coming 
unpiession. Indeed, the completeness of surprise is proportional to the 
unpreparedness of the whole course of thought, the adaptation of the 
sense organs, and the direction of the attention, for the entrance of 
the new process into the existent state of consciousness. The sur- 
pnsmg event, therefore, produces a sudden interruption^ of the tram 
of ideas and a relaxation of the processes of movement or contrac- 
tion connected with precedent impressions 

8. It is evident that we must distinguish in surprise, we have 
done in expectation, between the ideas which introduce or occasion 
the emotion and the organic sensations- produced by the character- 
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istic motor disturbance The feelings attaching to the two sets of 
processes are, here too, of quite different character, and language 
distinguishes between the two factois in the emotion in such phrases 
as 'pleasant agitation’ We mean by the expression an unpleasantly 
violent shock, occasioned by a pleasuiable occurrence; a pleasmable 
occuiience may be as unpleasant, in this sense, as a sorrowful It is 
difficult to define the peculiar oiganic sensations which we experience 
in suipiise Nothing moie definite can be said, peihaps, than that 
they must be the conscious correlates of sudden changes in the motor 
condition of the body. Some part is played in the emotion, how- 
ever, by the equally sudden diversion of the course of ideas, the 
more or less complete reversal of the thoughts and feelings of the 
moment. It is clear, therefore, that the surpiise will be most distinct 
when the actual impiession is the direct opposite of the expected 
If we aie expecting a weak stimulus, and an intensity is given foi 
which we are absolutely unprepared, the resultant surprise is very 
great, and as the intensity of the emotion affords a certain measure 
of the magnitude of the diffeience between the expected and the 
real, our judgment is correspondingly deceived. Thus a strong sti- 
mulus which surpiises us is taken to be stiongei than it really is, 
and a weak impression seems weaker than it otheiwise would appear 
This deception of judgment is especially liable to occur in the course 
of the procedure without knowledge, when definite expectations have 
been involuntarily formed by the subiect, at the suggestion of some 
incident in the progress of experimentation (§ 5 6) 

g. The othei class of emotions contains the subjective states, in which 
the two affective qualities exert a determining mfiuence Language 
has done far more for this category of emotion than for the former. 
Perhaps the only objective emotion, besides expectation and sui prise, 
IS amazement or wonder, the constituents of which are very similar 
to those of surprise itself Heie, on the other hand, we have not 
only the (undam ental forms of affective emotion proper, joy and sor- 
row, but the further distinction of excitement and depies&ion, within 
the unpleasurable emotions And there are all manner of degrees of 
the intensity and duration of these states, as we mentioned briefly 
just now. Since the pleasurable emotions are invaiiably excitmg, the 
classification by joy and sorrow points at once to a certain contiast 
m organic sensations the contiast of intensive innervation and move- 
ment, on the one hand, and greatly diminished and restricted motor 
excitability^ on the other. The violent unpleasant emotiorus, such as 
rage and anger, me also of an exciting character; but the primary 
stage of unpleasantness is too transitory for them to persist for any 
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length of time. The distinction between the feelings connected with 
organic sensations and the feelings attaching to mitiatory ideas is 
again in place, but can hardly be earned through m piactice, as the 
ideational contents tend strongly to predominate and the feelings 
attaching to them exeicise a determining influence upon the affective 
character of the emotion. 

§ 53. The Impulses. 

I. The close relationship of emotion and impulse is universally 
acknowledged The dehnitioiis in the foregoing Section (§ 52 4) show 
how difficult it is to draw a hard and fast Ime of division between 
the two states. Emotion becomes impulse whenever the expressive 
movements aie directed into a definite channel under the influence of 
the will. Thus angei passes over into impulse when tliere are added 
to the emotion determinate ideas (and the corresponding organic sen- 
sations) of the movements which would serve to restore contentment, 
and so to abrogate the emotive state . and rapture passes over into impulse 
when there are added to the emotion certain other ideas of move- 
ments, subserving the retention of the emotive state This fact is of 
itself sufficient to show that impulses in general are far more closely 
connected with the affective qualities than are the emotions. It is 
frequently asserted that the end of an impulse is always either the 
retention of a pleasurable feeling or the removal of an unpleasurable 
feeling. And the content of the impulse is partly determined by the 
nature of its end, since the movements subserving the two opposite 
purposes take equally opposite directons. Again, the popular distinc- 
tion of likes and dislikes, attraction and repulsion, love and hate, is also 
reducible to this fundamental contrast of feeling Likes and dislikes, 
with their vaiious degrees of longing, wish, aversion, lepugnance, etc , 
are forms of impulse which border very closely upon emotion,— except, 
of course, as regards the definitely directed movements to which they 
give rise. In the passions (love and hate) we have, on the other 
hand, the most intensive impulses, those which find the readiest 
and most direct expression in fully determinate movements. 

2. The analysis of the elementary processes contained m impulse 
IS exceedmgly difficult, if only for the reason that so many different 
states aie comprised under the one name Indeed, all that can be 
taken for granted at the outset is the invariable relation of impulses 
to the affective qualities. But even this requires closer definition than 
it has yet received m the paiticular case. Some psychologists assert, 
that the end of the impulse m hunger is the feeling of satiety, 
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others that it is the idea of food We will oui selves, therefore, attempt 
first of all to discover the relaton obtaining between certain ideas 
present in impulse and the organic sensations corresponding to the 
impulsive action, intended or executed. In impulse, as in emotion, 
both sets of processes play an important part, and the feelings attach- 
ing to each have their own special significance, (i) It is noteworthy 
that the feehngs connected with the impulsive idea are ordmaiily much 
more vivid, and therefoie of more decisive influence upon the deter-^ 
mmation of the general character of the impulse, than those connected 
with the organic sensations as such This is apparently due to the’ 
fact that the impulsive movements, executed or mtended, are simply 
the result of the pleasantly or unpleasantly toned idea, and can, there- 
foie, but rarely be of equal importance with it in the total impression 
(ii) Again, we often find that the starting point of an mipulse is a 
pi unary feeling of pleasantness or unpleasantness m connection with a 
definite complex of sensations The course of the impulse is then widely 
divergent from the course of the emotion Thus, the disagieeableness 
of hunger or thirst is the condition of origin of the nutiitive impulse, 
the pleasure felt in a beautiful work of ait arouses the desiie for its 
possession, etc These primary feelings, which constitute the first step 
towards the origmation of an impulse, do not, i bear the same 
1 elation to it as the feehngs attaching to certam ideas bear to emotion. 

3. The characteristic factor m mipulse, apart from definite feelings, 
is the peculiar complex of organic sensations arising from the impulsive 
movement No description of longing would be adequate, e which 
did not contam a reference to the sensations aroused by ideation of 
the movements necessaiy to attain the desired end This sensaton 
complex IS the leal and universal characteristic of the impulse It is 
true that the name is often applied to other than sensory processes, 
in which no definite ideas of movement aie involved. But the appli- 
cation is either simply metaphorical, or illustrative of a common ten- 
dency of language, — the tiansference of terms with an onguial sensible 
connotation to abstract objects. When we speak, e,g.j of an ^ethicaT 
01 'logical impulse ^ we are applying the word, out of its right con- 
nection, to processes which, in this general formulation, contain no 
reference to bodily movement. The reference is somewhat more con- 
crete in the, phiase ' charitable impulse \ although here, too, the nature 
of the movements implied is altogether indeterminate. It is, theiefore, 
necessary to set a definite limit to the use of the term 'impulse’ m 
psychological termmology. We must refuse to regard every possible 
alteraton o?the existent conscious state, in any direction whatsoever, 
as due to an 'impulse’; or to consider eveiy pleasantly or unpleas- 
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antly toned idea as the necessary starting point of an * impulse’; or 
to speak of ‘impulse’ even in cases where we find an intention to 
act m accoidance with a definite purpose expressed in abstract language. 
We can use the word * impulse ^ only where definite movements, 
dependent upon the will, are ideated or executed at the instance of 
affectively toned sensations. The vividness of the impulse is directly 
proportional to the clearness of these ideas of movement and the 
corresponding organic sensations. This explains the frequency with 
which a particularly distinct impulsive idea leads to the execution of 
the appropnate impulsive movements. An involuntary extension of 
the arms and a forward inclination of the body, are characteristic 
of the impulse of longing. 

4. Impulses have been classified as higher and lower, in the 
sense in which the same teims were applied to feeling (§ 35 i). We 
cannot accept the classification, smce it makes the character of the 
whole process exclusively dependent upon the toned ideas which 
constitute the end of the impulse, agreeable or disagreeable. Nor can 
we attach any psychological value to the more detailed discrimination 
of impulses according to their objects, which gives as many impulses 
as there aie ideas capable of seivmg as the objects of desire or 
aversion. These contents or ends of impulse are not necessary con- 
stituents of It : m many cases they are altogether absent The insHficts 
or instinctive impulses, which are more numerous in the animals than 
in man, show us m particular that impulses need not be aroused by 
any definite idea of their end. The impulse appears here before its 
purpose has been learned by individual experience. There is absolutely 
no foundation for the assumption that instincts depend upon unconscious 
ideas, transmitted by inheritance The newly hatched chicken does 
not possess an unconscious idea of the grains which are to satisfy its 
hunger; neither has the new-born infant an imconscious idea of the 
mother’s breast which is to furnish it with nourishment. We must 
rather suppose that the chicken and the infant inherit a purposive 
motor mechanism, which undei the definite stimulation of internal or 
external bodily organs is set in action in the accustomed way, 
in the form of a pecking at the ground, or a sucking with the lips 
The organic sensations connected with the movements are present in 
these cases, but there is no definite idea which serves as ,the object 
of the instinctive movements. Once more, theiefore, we are led to 
the conclusion that certain feelings and organic sensations are the 
distmgmshing characteristics of mipulse. 

5. We have now to consider the relation of these i.wo essential 
components to each olhei. We have already mentioned the current 
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view that inii^ulsive movements are intended to retain (or intensify) 
a feelmg of pleascintncss or to lemove (or dimmish) a feeling of 
unpleasantness This distinction certainly holds for the objective 
observei; but it is not equally valid for the experiencing subject Foi 
the pnncipal diffeience between impulsive movement and voluntary 
action IS that the former constitutes a direct reaction, not initiated 
by consideiation, lefiection or choice, but an automatic consequence 
or expression of the given pleasantly or unpleasantly toned impression, 
while voluntary action implies the conscious mtention to execute 
definite movements for definite reasons or purposes. In the impulsive 
action proper, 2.5., we know nothing of the end, we have not expressly 
inquired into the ultimate aim of the movements which we execute. 
If, therefore, the result of these movements is what it is described to 
be in the current view of the nature of impulse, at least it is not 
foreseen by the subject, but must be referred to a gradually perfected 
purposive co-ordmation of toned sensations and movements In the 
developed consciousness, of course, an impulsive action will often assume 
the character of a voluiitaiy action, all that is needed is the connection 
of the idea of a definite movement (the movement to be executed 
in the given case) with the appearance of certain feelings. But this 
connection appeals to be irrelevant for the impulse itself, which is 
wholly composed of the characteristic complex of organic sensations 
and the feelings of pleasantness and unpleasantness attaching to 
defimte impressions. We cannot at present give any accurate account 
of the origin of these oiganic sensations. It may, however, be pointed 
out that in view of the gieat vaiiety of possible impulsive movements, 
it would be difficult to bung definite muscle groups or definite forms of 
movement into any unequivocal relation with the afiective qualities, with 
effort and reluctance, or with desire and aveision. The distinction 
of atti action and repulsion is certainly based upon such differences 
of direction or fonn of movement; but the implied connection between 
these and pleasantness or unpleasantness is simply customary, not 
universal or iuvaiiable. And there is even less justification foi the 
assumption of a stiict coiielation of the ffexors and extensois, the 
antagonistic voluntaiy muscles, with the two affective qualities. 

§ 54. The Expressive Movements. 

I. In our discussion of the simple feelings we found that there wele 
certain bodS^ movements bearing a characteristic relation to their 
tw^o qualities and, therefore, useful for the experimental demonstiation 
and invesUgation of pleasantness and unpleasantness (§ 37. i ff.). The 
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more complex aSective states, — emotion, impulse, mood and pas- 
sion — are also correlated with definite bodily changes But their 
visible expression is far more complicated than that of feeling, as 
might be expected from the number of elementary conscious processes 
contained in them (§ 52. 2). In expectation, e we have not 
only a definite complex of organic sensations, with their attendant 
feelings, but the more or less determinate group of ideas which 
constitutes the contents or object of the emotion. The expressive 
movements are influenced, of course, by both classes of constituents 
Thus the eavesdropper and the scout have dififerent characteristic 
attitudes, although both alike are in a state of expectation. Similar 
phenomena recur m every emotion. It is plain, then, that the 
conditions of expiessive movement may be very diffeient in dififerent 
cases. The forms and laws which have been discriminated hitherto 
lefer almost exclusively to the expiession of the ideas which constitute 
the contents or object of the emotion — not unnaturally, as this is 
much more individual in its natme and delicate in its adjustment 
than is the expression of the emotive constituents proper No distinc- 
tion IS drawn between the two m the language of everyday life. 
The blush of shame or joy and the paleness of fear or terror are 
regarded as expiessive movements on the same plane with the clench- 
ing of the fiist in anger or the clapping of the hands m pleasure We 
shall not be far wrong in supposmg that this confusion is respon- 
sible fox the diversity of psychological opinion in regard to the 
simple principles which regulate expressive movement in general. 

2. The application of the method of expression (§ 35, 7) to emotion 
has shown that its objective symptoms are essentially the same with 
those of feeling. In an unpleasuiable emotion like fright, e,g., we find 
the two distinctive stages of the expression of unpleasantness,— a 
violent inspiration, followed hy a period of weaker respiration, with 
diminution of volume and reduced height of pulse The pleasant and 
unpleasant emotions, % e., manifest the same objective symptoms as 
the pleasant and unpleasant feelings. Complication arises at once, 
however, if the bodily changes underlying the organic sensations begin 
to influence the results of the method of expression. In certain 
circiunstances, the curve of volume in fright is not the char- 
acteristic ^ unpleasant ^ curve, but is heightened in consequence of the 
emotive ‘start,’ the general motor shock. In fear, again, the curves 
of respiration and pulse are not of the pure ‘unpleasant’ type, but 
show irregularities due to muscular tremor, the emotive ‘ q^/ering ’ In. 
anger, the curve of volume is very considerably heightened, probably 
by the mvoluntary movements which have combmed with unpleasant- 
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ness to determine its coiuse Even in these comparatively simple 
emotions, therefore, can trace the effect of a whole series of 
factors which co-operate with the character of the feeling to give 
individual form to the expressive movements. It cannot be said that 
these movements and the organic sensations connected with them 
are dependent upon the feelings as such they occur in too great 
vanety, and aie too little parallel or proportional to the original 
pleasant or unpleasant elements of the emotion. Trembling and 
shaking are characteristic of chill and shivering as well as of keen 
anxiety or fear, while the feelings in the two cases may differ very 
widely, at least in intensity. 

3 The variety of the movements expressive of definite ideational 
contents is inexhaustible. They have had free play in the course of 
generic and individual development; and they are the principal source 
of one whole department of human expression,— gesture language. 
We need not here enter upon the consideration of the phenomena 
m all then complication : the expressive movements are primarily objects 
of external perception, and from the purely psychological standpoint 
are simply illustrations of the vaiious types of action — voluntary, im- 
pulsive or reflex. Any voluntary action which is apprehended and 
mterpreted by an objective observer as a sign or symptom of an in- 
ternal state takes rank at once as an expressive movement It is 
evident, then, that the problem presented to psychology proper by 
the expressive movements is very much more restricted than the vast 
number of facts covered by the phrase might lead us to suppose. 
The psychologist is not concerned to mteipret these external processes 
or to tabulate their physiological conditions, but merely to determine 
their relation to emotions, impulses, moods or passions We have our- 
selves decided that the essential constituents in the affective fusions 
aie organic sensations and feelings We do not ascribe any con- 
sideiable importance to the ideational contents which may connect 
with these, except in cases where the feelings dependent upon them 
modify or intensify the pleasantness 01 unpleasantness of the primary 
state or detennme the direction bf an impulsive expression. We may, 
theiefore, confine ouiselves to the two original factors, in our con- 
sideration of the expiessive movements. 

4. Many recent psychologies share the view that emotions anse 
from the expressive movements. James, eg, asserts that we do not 
cry because we are sorry, but are sorry because we cry. There is 
plainly so of truth in this belief, that the organic sensations 

connected with the expressive movements contribute very materially to 
the total emotive impression. It would be difficult to explain in any 
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other way the extiaordinary constancy of the expressive movements, 
and the emotive diffeiences of which we have already spoken (§ 52) 
The objective emotions in particular,— the emotions of expectation, 
surprise, and wonder, in which the affective colouring is exceedingly 
weak, — must often be originated by the appropriate expressive move- 
ments But the theory has overlooked two facts : (a) that reproduced 
organic sensations are possible constituents of an emotion, and (p) that 
the feelings in the subjective emotions cannot, in the majoiity of 
cases, be regarded as simple consequences of expressive movements, 
since the ideational contents play an important part in their determi- - 
nation (§ 52. 9) The view, therefore, contains no more than a fraction 
of the tiuth The emotion is ordinarily initiated, in the developed 
consciousness, by certain ideational contents in connection with feelings. 

5 Darwin brings all expressive movements under three pnnciples, 
in which he attempts to do justice to their origination from genera) 
physiological conditions and to their development in the life history 
of the race. The first principle is that of serviceable associated habits 
Certain actions which were originally of direct or indirect service for 
the satisfaction of definite needs are afterwards performed altogeihei 
automatically, even though they have entirely lost then primary 
significance. The second principle is tlrat of antithesis. If definite 
psychical processes are habitually connected with definite actions, t\rei^ 
is a tendency for mental processes of the reveise kind to accompany 
movements of the opposite character. The third principle is that of 
the direct activity of the nervous system. According to it, intensive 
excitation in the nervous centres gives rise of itself to certain motor 
phenomena which we recognise as expressive Valid objections have 
been urged against these principles, and especially against the second. 
They are not wholly co-extensive with the facts, and cannot be separ- 
ated with the rigour necessary for the aiiangement and explanation 
of the phenomena. Pideiit has fonnulated two very general laws of 
mimetic expression, according to which expressive movements refer 
partly to ideated objects, partly to ideated sense impressions, agreeable 
or disagreeable. Here it is obvious that exclusive attention has been 
paid to what we have termed the ideational contents in emotion or 
impulse, and its attendant feelings. Lehmann has laid special emphasis 
upon the individual development of emotive expression. He regards 
the connection between affective process and expressive movement as 
an association. Definite motor processes are constantly connected with 
definite ideas, and are therefore reproduced by thes^ duectly or 
indhectly, on their subsequent occunence. But the phenomena of 
movement differ far too widely m diffeient emotions for this view to 
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be tenable It is inadequate to explain the connection of emotion and 
expressive movement even in the most general outline And m par- 
ticular we may pause before we admit that the individual origination 
of emotive expression is so universal a fact as Lehmann supposes 

6. The most satisfactory analysis of expressive movement from the 
psychological point of view is that of Wundt. He brings all types of 
emotive and impulsive expiession under three rules, which must be 
regarded as co-operating with one another in the great majority of 
concrete expressive movements. The first of these rules, the principle 
of dzreci change of innervaitouj lays it down that intensive affective 
processes are attended by a direct excitation of the motor centres. 
Here belong paling and blushing, laughing and crying, etc. The 
second rule, the principle of association of analogous sensations^ expresses 
the fact that sensations of similar affective tone readily connect with 
one another. In this way, movements which are characteiistic of the 
reaction upon definite sensory stimuli become indicative of emotions, 
etc., which resemble these sense impressions m their affective nature. 
The ‘sour’ face and ‘bitter’ smile are familiar illustrations of the rule. 
The third, the principle of the relation of movement to sensory ideas, 
includes gesture, etc It is exemplified by the clenching of the fist 
m anger, the steady regaid m stained expectation, etc A detailed 
discussion of these three rules would have to show their reference to 
the different constituents of emotion and impulse. Thus, the first is 
pnncipally concerned with the direct psychological concomitants of 
the feelings ; the second serves mainly to elucidate the origin of the 
oiganic sensations ; while the third compnses all those cases in which 
the movement is dependent upon the ideational contents. 

We have at present no materials for the erection of a theory of emotion and 
impulse. It would piesuppose not only a fairly assured theory of feeling and organic 
sensation, but also some clear idea of the process of fusion itself. We will here, 
therefore, meiely call attention to the fact that the connections of feelings with 
other sensations must also be looked upon as instances of fusion. We cannot, 
however, say anything of their general laws, in the existing state of our knowledge. 
There remains the question of the mtei connection of feehngs themselves. We have 
aheady pointed out the difficulties which here bar the way to the simple as- 
ceitamment of the facts (§ 39 . 7 ), In particular, we cannot decide with any 
degree of ceitainty for or against ‘ mixed ^ feelings. In our own opimon, there is 
no convincing evidence for the existence of a simultaneity of feelings m conscious- 
ness. On the other hand, a rapid alternation of different feelings is a phenomenon 
of common c?#currence, and one which appears to stand m veiy close relation to 
the fluctuation ' of attention. This is yet another mdication of the importance of 
attention for the origmation of the feelmgs. 
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Section II. Colligation. 

Chapter I The Spatial Attributes and Relations 
OF Sensations. 

§ 55. Prefatory Remarks. 

I. The psychological investigation of the idea of space has suffered 
very considerably from a metaphysical prejudice, for the introduction 
of which into philosophy Descartes is chiefly responsible In the 
Cartesian system, thought and extension are the two essential char- 
acteristics of the psychical and the physical; and it seems as absurd 
to attach a spatial attribute to mental processes, as it is inconceivable 
that the physical world is the substrate of spintual experience.^ Spi- 
noza, it is true, regarded body ' and mind simply as modi, i e,, as 
special expressions of the univeisal attributes of thought and extension, 
as different aspects or properties of one and the same existence. But 
the distinction of the two, whatever its limits, is again absolutely 
prohibitive of the attribution of space to mentality. Spiritualistic philo- 
sophers like Leibniz, Herbart, and Lotze, either attempted to explain 
at least the apparent space element m the spatial idea of the seeing 
or touching subject, or refused to predicate any kind of reality or 
objectivity of space in geneial It is only quite recently that psycho- 
logy has begun to free itself from this metaphysical prejudice, as 
epistemological views have been clarified and psychological inves- 
tigation based upon empirical definitions. 

2, We can ourselves have no hesitation (cf. the position taken up 
in § i) in predicating spatial attributes of certain conscious processes. 
Psychology consists, for us, simply in the description and explanation 
of the facts of experience in their dependency upon an|experiencing 
individual. And temporal or spatial definition is certainly just as 
much an attribute or relation of the fact of experience as its quahty 
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or intensity If, then, we can show that this temporal or spatial 
character is also definitely dependent upon the psychophysical organ- 
isation, its treatment in a work upon psychology becomes a matter 
of course. Now the existence of this dependency is proved by obsei- 
vations of eveiyday occurrence We speak of the ‘apparent mag- 
nitude’ of an object, of ‘apparent locality’ and ‘appaient movement’, 
implying that our space ideas are more or less widely divergent from 
the facts of objective space measurement Here too, t e,, we have a 
distinction of subjective and objective, as we had a parallelism between 
the quality and mtensity of sensation and certain attributes of stimulus 
The psychological space problem must not be misunderstood. We 
are not concerned to reduce the spatial piedicate to any more general 
category; we made no attempt to explam the sensible piedicates of 
quality or intensity. In particular, we cannot imagine that any mate- 
nal contribution will have been made to the explanation of the ex- 
periential data by the ascription to the mind of an ongmal capacity 
of spatial ideation. The space predicate as such is, for psychology, 
a fundamental fact, as ultimate and irreducible as the experiences of 
which it is predicated, as attiibute or relation, subjective 01 objective 
The sole business of psychology, theiefore, is to exhibit the depend- 
ency of the various spatial factors upon the psychophysical organisation 
3. Spatial attributes aie asciibed only to certain classes of sensa- 
tions, VIZ j the visual and ‘tactual’, — the lattei term embracing both 
cutaneous sensations proper and the articular sensations set up in the 
motile parts of the body. Spatial relations, on the othei hand, are 
predicable of all sensations alike, since all alike are localisable The 
localisation of unspatial contents, however, is mediate only * it consists 
m a reproduction of originally spatial sensations, of movements indi- 
cative of the place of origin of the given contents, or of judgments 
directly expressive of their local determination. Localisation in this 
sense is plainly altogether different from the localisation of an origin- 
ally spatial process, and we may, therefore, speak of it as a ‘tiansfeired’ 
spatial relation.. A spatial relation sensu siricto can obtain only between 
contents possessed of the true spatial attribute. It seems best, how- 
ever, despite this essential diffeience between the two kinds of local- 
isation, to discuss the transferred here in connection with the direct, 
and not to deal with it separately as a special form of association or 
reproductidn of ideas, — the rubric under which its general psychologi- 
cal significance would lead us to place it. We shall, therefore, treat 
in this chap^ {a) of the space of tactual perception, {b) of the space 
of visual pe'xeption, and lastly (r) of transferred locahsation with 
especial reference to auditory impressions. 
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4. There is, of course, a very great variety of possible spatial de- 
finitions. If our treatment is to be complete and systematic, we must 
endeavour to reduce them to certain fundamental forms To this 
end we begin with the distinction between spatial atUihutes and 
spatial relations^ the foimei attaching to a perceived content as such, 
the latter to the content only as related to other contents. Form or 
figure IS the general term comprehending all the spatial chaiacters that 
can be attributively piedicated of an impression, position or locality 
IS a similar term embiacmg all the spatial relations m which a con- 
tent stands to other contents Both determinations may be further 
analysed,— position into elementary relations, as a sum of distances, 
and figure into spatial elements, as a sum of extensions. To them 
must be added a more complex spatial determination, which also 
contains a temporal refeience— movement We understand by move- 
ment any continuous alteiation of a spatial attribute or relation. 
Extension, then, is the elementary phenomenon in all spatial attiibutes, 
distance the elementary factor in all spatial relations Spatially con- 
sidered, of course, the two are but one; but they require special 
psychological investigation in cases where their apprehension or esti- 
mation IS governed by different laws. We have already mentioned 
extension as one of the attiibutes of sensation (§ 4. 2), distance, as 
reduced to it, is the extension of the contents intervening between 
two given impressions The magnitude of a figure is simply a quan- 
titative determination of extension; and we speak in precisely the 
same way of the magnitude of a distance. Direction is, agam, only 
a special form of extension or distance, indicative of the spatial inter- 
relations of certain given extensions or distances. 

5. Unfortunately, we have no systematic investigation of spatial 
attributes and leiations on the lines here laid down. Philosophic 
prejudice on the one hand, and the limitation of special problems on 
the other, have prevented any thorough exammation of the space 
idea. Hence there are certain factors which have hardly received 
any direct attention, while theories have been propounded which are 
valid only for one quite definite aspect or characteristic of the whole 
process. In particular, (i) the psychology of space, hke the psycho- 
logy of time (§§ 63 fif,), has suffered fiom the assumption that space 
must be regarded as something absolute and self-existent, given more 
or less independently of all the specific contents of perception. There 
can be no doubt that this view has been furthered by the notion of 
‘empty’ space as employed in the natural sciences. &om the psy- 
chological standpoint it is altogether erroneous Again, "^ii) the possi- 
bility of the intercompanson of the spatial characters of perceptions, 
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independently of theii other attributes, has also m all probability 
helped to give the space idea an exceptional place among the contents 
of consciousness. It explains the tendency of psychologists to see the 
real object of investigation into the psychology of space, not in the 
spatial attributes, but m the spatial relations. This independent ^ space’ 
seems to be given in its purest foim in distance, locality, etc. It also 
accounts for the definition of movement as change simply of locality. 
— The result has been an almost total neglect of the peiception of 
extension and figure and almost exclusive regard of the perception of 
distance and position This is the more regrettable as the formei 
process is psychologically very much the more simple. The space 
character is always given with paiticular perception contents ; there is 
no independent space content, which can be discriminated from other 
qualitatively determinate impressions. ^ Empty’ space is the spatial 
character of ceitain contents not defined. And as the other attiibutes 
of a content are of determining influence upon its spatial qualities 
(§56 3 ? § 59 2, <?.^.), the simplest material foi the investigation of 
the space idea is furnished by the extension or figure of a quite defi- 
nite content. (111) Lastly, the expressions ^ sense of space’ and ^ sense 
of locality,’ which have lecently become current in physiology, betray 
a wholly inadequate realisation of the requirements of theory. The 
‘ sense of space ’ is measured by the least noticeable distance between 
two impressions; the ^ sense of locality’ by the accuracy of localisation. 
Not only is the word ‘sense’ applied here in a very exceptionable 
meaning (§ 4. 10), but the spatial lelations are given an unjustifiable 
preference over the spatial attnbutes. 

§ 56 . The Space of Tactual Perception. . 

I. The Spatial Functions of the Cutaneous Sensatf^hs. 

I. The spatial estimation of an object brought into contact with 
the skin is mediated both by pressuie sensations and by temperature 
sensations We attribute a ceitain extension and figure to an impies- 
sion of heat or cold, just as we do to an impression of smooth or 
rough, to a pressure sensed as such No thorough investigation, 
however, has as yet been made (cf. § 55. 5) into the cutaneous 
apprehension of extension and figuie, although the expenmental exam- 
ination of the ^ sense of space’ or ‘sense of locality’ has been taken 
up again ai^ again since the time of E.H. Weber It is especially 
curious that no attention has been paid to the extension factor, as 
the method employed in these researches necessarily presupposes a 

22 
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definite view as to the extension of the cutaneous pressure or tem- 
perature sensations. The method consists in the deteimination of the 
distance between two points of cutaneous contact at which the two 
impressions are still just apprehensible as two. (i) Now first of all 
there is involved here the purely logical assumption that a just notice- 
able duality of cutaneous sensations is equivalent to a just noticeable 
distance between them; But duality and distance are essentially 
different concepts, and the possibility of then identification requires 
special psychological proofs (cf' § 5^ i) (li) Nor is this all. To 
explain the great diversity of experimental results obtained from dif- 
ferent portions of the skin, recourse is had to the hypothesis of 
‘sensation circles’ vaiying in magnitude, but alike in the peculiarity 
that any two points lying within a single cucle are sensed only as 
one. The explanation plainly contains a reference to the psychologi- 
cal extension which we predicate of cutaneous stimulation From 
this point of view also, then, investigation of extension seems 
essential. 

2 We can say but little of the perception of figuie as mediated 
by cutaneous sensations. It has been found that if objectively parallel 
lines are drawn with the ‘dividers’ (an instrument which gives all 
gradations of distance within certain limits between two metal points) 
from the elbow to the wrist, they appear gradually to diveige fiom 
one another in sensation. We imagme, t e , that the impressions are 
divergent and not parallel. A similar phenomenon is observed if the 
two Imes are drawn from lobe to lobe of the ears, across the face. 
The Imes appear to diverge towards the median line of the face, and 
to attain their widest separation in the region of the lips Again, 
experiments have been made upon the sensible discnmination for the 
magnitude of circular surfaces, by the determination of the just 
noticeable difference of diameter of two obj'ects applied to the skin 
It was found that at the tip of the tongue, two circular surfaces 
were judged to be just different whose diameters were no more than 
0.5 and I mm ; while on the back the two just discriminable surfaces 
had diameters of 2 and 25 mm respectively. Where sight is normal, 
the ability to cognise figures by aid of the cutaneous sensations is 
present in very slight degree In most cases, judgment stops short 
at the fact of difference, and nothing can be said of its character. 
The capacity is much more highly developed in the blind“ who read 
without hesitation from an alphabet in which the number and arrange- 

^ Our suspicions of the validity of Weber’s assumption become strong-er if we 
translate it into retinal terms, and thmk what it would mean tor points on either side 
of tho blind spot. 
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ment of raised points upon the paper constitutes the sole ground of 
distinction between the letters. Lastly, the impoitance of temperature 
sensations for the peicephon of figure is shown by the observation 
that cold surfaces appear larger than warm surfaces of the same 
objective extension (cf § 24. 3, § 51. 4) 

3 In all these cases, spatial perception is seen to be principally 
dependent upon the locality of the stimulated area The same 
dependency has been noticed in the numerous investigations made 
into the just noticeable duality of sensations We will only mention the 
results recently obtained by Goldscheider on the basis of a discrimi- 
nation of pressure spots, cold spots and warm spots. The values are 
consideiably smaller than those found by Weber and other previous 
investigators This is mainly due to the greater sensitivity of the 
cutaneous ^spots’ (cf. §§ 10, ii). In deference to current usage — 
which, however, is not strictly correct — we may term the least 
distance between two points brought into contact with the skin, at 
which their sepaiate sensation is still just possible, the space hmen. 
The space hmens determined by Goldscheider for pressure spots were 
0.3 mm upon the back of the hand, o 5 mm upon the forehead, 
0.8 mm upon the chest, and 4 o mm. upon the back The values for 
cold spots, m the same cutaneous areas, were 2.0, 0.8, 2 o and 
I 5 mm , for warm spots, 3, 4, 4 and 4 mm All these obseivations 
(with the exception of the various hmens upon the back) agree in 
ascribing the greatest disci iminative power to the pressure spots and 
the least to the warm spots The result is borne out by the fact 
^that an exploration of the skin with adequate stimuli shows the 
piessure spots to be most numerous, and the warm spots of least 
frequent occurrence. Previous experiments indicate that the tip of 
the tongue has the smallest space hmen. Another phenomenon 
which belongs here is that of the dependency of the space limen 
upon the motility of the stimulated cutaneous area. This was made 
the subject of an elaboiate expeumental investigation by Vieiordt 
and his pupils The space hmen was found to decrease continuously, 
e g,, from the shoulder to the tips of the fingeis. Vierordt has laid 
it down as a general rule, on the basis of his experiments, that the 
^pace limen at any point in the length of a limb is inversely 
proportional to the distance of the stimulated part from the axis of 
rotation of" the limb. 

4. The intensity of the impressions is also of influence upon the 
space limen. /^Up to a certain stimulus intensity the facility of separate 
cogmtion increases, beyond this intensity it decreases. A certain 
mean degree of intensity is, therefore, the most favourable condition 
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for the investigation of the space limen* But as the intensive sensi- 
■bility vanes very greatly with the locality of the stimulated area 
(§ 24. 3), only those space limens are comparable which aie obtained 
with the same subjective intensity of piessure. The experiments 
made hitherto are extiemely defective m this regard, neither the 
objective nor the subjective intensity of the impressions has been 
kept uniformly constant. Distraction of the attention has the same 
effect as diminution of intensity, ue.j increases the stimulus limen. 
The influence of practice, too, is veiy marked. This is the principal 
reason why the space limen of the blind is noticeably smaller than 
the space limen where vision is normal. If the two points brought 
into contact with the skin aie set down not simultaneously but succes- 
sively, or differ in their relative intensity, judgment is rendered very 
uncertain,— as is not surpnsmg, when we consider that simultaneity 
and equal intensity are presuppositions of the validity of the method 
Another method has been employed for the determination of the 
delicacy of localisation of impressions brought into contact with the 
skin. A simple stimulus is applied, and the subject indicates the 
place of stimulation with a pencil; the magnitude of the average 
error is looked upon as inversely proportional to the delicacy of 
localisation A series of different degrees is thus obtained, which 
luns precisely parallel to the series of space limens. No systematic 
observations have as yet been made upon the cutaneous estimation 
of movement of the stimulus object. One fact, however, may be 
mentioned that a point moved at a uniform rate along the resting 
arm seems to travel more quickly where the space limen is smaller, 
5. The space limen has usually been obtained by the proceduie 
of stimulus determination (methods of minimal changes and right and 
wrong cases) Recently, however, application has been made of the 
procedure of stimulus companson, which undoubtedly gives more 
unequivocal results in the sphere of spatial estimation. Several of the 
observations made in this way are of especial interest, as throwing light 
upon the value of the space limen for the investigation of tactual space 
perception (i) The first result of importance in this connection is the 
following. When two cutaneous distances are made subjectively equal 
to each other, the objective distances between the limiting points 
approach the ratio I . i when these points are set at all widely 
apart. This is clear evidence that the space limen is not adequate 
to inform us of the real value of a just notceable distance, The 
longer the distances compared, the fewei will be the distur^ng influences 
to which spatial estimation as such is exposed. (11) Another result of 
importance is a seeming paradox. We should expect, on mathematical 
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groiinds, that if two distances were made apparently equal to a third, 
they would appear equal to one anothei But this is by no means the 
case. The fact, again, may be conjecturally referied to ceitam organic 
conditions of spatial estimation of the kind which piejudice the 
determination of the space hmen. The first pioblem to be attacked 
in the future, therefoie, is the problem of extension, which must be 
directly examined, with particular and constant reference to intensity, 
duiation of stimulation, and other circumstances. 


IL The Spatial Functions of the Articular Sensibility. 


6. The articular sensibility appears to be be piincipally concerned 
(a) in the non-visual perception of movements It mediates the 
judgment of the change of position of the moved limb. But (/?) the 
position of a limb is also cognised by the articular sensations, and it 
has accordingly been proposed to term them ‘sensations of position’ 
(§ 23 6). And (7) arm movement affords a fairly accurate measure 
of space magnitudes, t <?., of extension or distance The articular 
sensibility is thus seen to have an equal lange of spatial function with 
the cutaneous No systematic investigation along all three lines has 
as yet been earned out (cf § 56. i), although a laige number of 
special researches, bearing upon the general question of this Section, 
have qmte recently appeared There is plainly only one practicable 
method for the determination of the spatial functions of the articular 
sensibility: coirelation of the angle through which the jomt is rotated with 
the magnitude of the distance traversed m consequence by the moved 
limb. We do not measure the excursion of a pendulum by chords and 
tangents. And since the movements of a limb may be regaided as 
at least approximately circular, they too should be measured by the 
angle or arc described from the given point of rest. Only m this 
way can we obtain any unequivocal information with regard to the 
chief factor m the resultant judgment, — the articular sensibility It 
has been usual, hitherto, wheie the distances tiaversed have been at 
all long, to employ a rectilineally moving car, which travels along a 
lail without noticeable fnction; or to allow the arm free movement, 
but to measure the curves described m rectilineal projection. In the 
former case, however, the result is so ambiguous that the part played 
by the various articular surfaces cannot be made out with any degree 
of accurac}^ while in the latter it is erroneously calculated. The 
laws which have been established in this way have accordingly a 
merely provisional importance. 
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7. Goldschcidei has determined the just noticeable movements of 
diffeient limbs, and expiessed the lesults m angular magnitudes He 
investigated both passive and active movement. The movement hmen 
(if we may employ the expiession for brevity’s sake) was mvaiiably 
larger with passive than with active There seem to be two reasons 
foi this fact (1) Active movement, initiated by the will of the subject, 
necessarily involves the piocedure with knowledge; passive movement 
implies the procedure without knowdedge And sensitivity and sensible 
discrimination are as a geneial lule (§ 5 6) somewhat greater in 
the formei case than in the latter. But (11) the pressure upon the 
aiticular suifaces is more intensive in active movement. This will 
influence the result, since in aiticular as in cutaneous sensation an increase 
of intensity serves within certain limits to increase the accuiacy of the 
spatial judgment — Another interesting point is that the laiger joints have, 
upon the whole, a smallei movement hmen than the smaller Thus 
the shoulder is more discriminative than the elbow, the hip noticeably 
more discriminative than the ankle, etc. The values obtained varied 
between the limits 0.3® and 30® — Again, the rapidity of movement 
had a maiked effect upon its noticeability. Other things equal, i e., the 
movement hmen decreased as the rapidity of movement increased. 
On the other hand, the cognition of movement proved to be independent 
both of its direction and of the sensibility of the moved limb; 
it was irrelevant for the estimation of a movement of the shoulder 
whether (or how) the arm was extended or flexed, and whether its 
sensations of pressure and strain were normal or abnormal. Movement, 
therefore, or at least the determination of the movement limen, must 
be regarded as exclusively dependent upon the articular sensibility 
(cf. § 22) In one respect, however, a certain amount of influence 
seems attributable to the tendinous strain sensation. The indication 
which it gives of the weight of the moved limb facilitates the judgment 
of movement direction when the movement is actively executed. 

8 Numerous investigations have been made (cf 6 above) into the 
conditions of the comparison of movements of some length with one 
another. But their results have no claim to finality, owing to the 
defects of the methods employed. Thus it has been found that 
the degree of contraction of the stimulated muscles exercises a de- 
terminmg influence upon the estimation of movement, but^the state- 
ment is, in all probability, to be ascribed to an erroneous evaluation 
of experimental results. Again, we cannot say at present whether the 
absolute or relative sensible discrimination is constant'^r all move- 
ments, or whether some other unifoimity obtains, since the various 
joints have not yet been subjected to investigation by methods which 
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lead to unequivocal conclusions Pieliminary experiments upon arm 
movement (rotation in the shoulder joint, the arm being fully extended, 
and the body kept as steadily as possible in one position) appear to 
show that the absolute sensible discrimination is approximately con- 
stant. Once moie, it is still an open question whether the overestima- 
tion of small movements and undei estimation of large is a constant 
erior, to which the judgment of space magnitudes is invariably sub- 
ject, or whether the phenomenon, where it occurs, is not simply the 
consequence of lapidity of movement, i.e , a phenomenon of temporal 
estimation as well. There can be no doubt of the factthat the duration and 
rapidity of a movement influence our estimation of its magnitude. As a 
general lule, the apparent magnitude of a distance is proportional to the 
length of time required for movement across it It should be noted, how- 
evei, that our judgment of the extent of arm movement is not based 
(in the author’s observation) upon the temporal relations of the move- 
ment, but upon the repioduced visual image of the space passed 
through, and more especially of the extieme positions of the moved 
arm No direct compaiison of the rapidity of movements has as 
yet been instituted ; and a recently published mquiry into their dura- 
tion followed so crude a method that its results need not be discussed 
here. We will conclude this survey of the spatial functions of the 
articular sensibility with a reference to two points of interest: that 
movements are ordinal ily more accurately estimated by the blind 
than by subjects whose vision is normal, and that the spatial discri- 
mination of the articular sensibility (as of the cutaneous) is sonjewhat 
greater in children than m adults. 

V'-, 

§ 57. Theory of Tactual Space Perception. "Zch \ . 

I. We have already defined the scope and meaning of a theory 
of spatial ideation (§ 55 2). All that psychology can do is to elucidate 
the subjective conditions of space peiception, it is not concerned to 
explam sj^ace perception as such. If we ask what these conditions 
aie, we see that different answers are possible (i) Where vision is 
normal, the tactual space perception will ordinal ily consist in a 
visual idea of the cutaneous area touched, of the movements of the 
limbs, etc. (n) But a judgment may also be formulated directly at 
the instance of the touch sensations themselves, which must accord- 
ingly (as ^^^ 5 me one has put it) be ^ quasi-spatiak. This order of 
space perception is best illustrated in congenital blindness. (111) And 
thirdly and lastly, the locality of an impression, the position of a 
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limb, stc.j can be indicated by ‘localising’ movements Hitherto, no 
sharp line of division has been drawn between these different modes 
in which the spatial peculiaiities of the sense of touch may find 
expression, although their discrimination is necessary in the interests 
of psychological analysis and theoretic explanation. In paiticulai, 
we are still in ignorance as to which of the three forms of spatial 
apprehension is the most accuiate, and therefore possibly the most 
original in its application to the tactual data. The common element 
in all of them is the unequivocal relation in which the tactual sen- 
sations must be conceived to stand to visual ideas, direct judgments 
or movements. The first problem presented by the facts of tactual 
space perception is accordingly that of the origin of this unequivocal 
relation, — how it has arisen that a touch upon the back of the hand, 
when the eyes are closed, excites just the visual idea of this part of 
the skin and no other, just the padicular name of this cutaneous 
area, or just the special movement of the other hand to the stimu- 
lated surface. 

2. The first noteworthy attempt at a lesolution of this problem is 
Lotze’s theory of local signs. Its metaphysical origin need not delay 
us here, more particulaily as we may neglect this without prejudice to 
the psychological constituents of the hypothesis. Lotze sets out to 
explain the inexchangeableness of impressions, Le., the fact that every 
impression is invariably referred to a definite locality. This reference 
would not be possible unless they somehow varied with their place of 
excitation. If the sensations from the skin of the hand, were 
wholly similar to the sensations from the skin of the back, it is not 
conceivable that the mind could acquire the ability to localise each 
group correctly Lotze accordingly ascribes to the locally distinct or 
distinguishable cutaneous impressions a specific qualitative colounng or 
shading which he expresses by the phrase ‘local signature’. The local 
sign combmes with the cutaneous impression dependent upon the 
quality of stimulus pressure or temperatuie) in the form of an 
association, m which neither constituent modifies the peculiar character 
of the other. Lotze gives us some idea of what he regards as the 
nature of the local signatuie by pointing out that the skin is very 
different in stiucture at different parts of the body,— now covered by 
a thick, and now by a delicate epidermis , now tightly stretched by 
its attachment to the bones, now elastic and displaceable within wide 
limits ; now spread over a cushion of fat, now passing ,^ver bone or 
muscle or hollow space. Moreover, in some parts of me body the 
structural differences pass into one another by slow degrees, in 
others quite abruptly. It is plain that all these conditions can influ- 
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ence only the intensity of the impression The system of local signs 
would consequently consist simply m vaiying degrees of intensity, 
demonstrable for the same stimulus over different regions of the skin. 
But It is also possible to mteipiet local signatuie as a qualitative 
colounng, and this view is actually lepiesented by certain psychologists, 
e by Wundt 

3. The thought upon which this whole theory is based is that the 
distinguishing chaiacteiistics which mediate the localisation of impres- 
sions must all be of a conscious nature. And here we see the influence 
of metaphysical piepossession It w^as difficult to conceive that the 
unequivocal lelation obtaining between tactual impiessions and visual 
ideas, or othei factors subservmg localisation, could have arisen without 
conscious direction, by way (perhaps) of puiely physiological connection 
But there is, no justification for the assumption of these conscious 
intermediaries in the facts of consciousness itself. (1) It has been 
found that a longer time is required for the discrimination of intensity 
than for the disci immation of locality (cf. § 71. 2). This is in itself 
sufficient evidence that the first cannot be the basis of the second 
(11) Moreovei, we are able to graduate the intensities of two pressure 
stimuli at diffeient pails of the skin until the impressions appeal to be 
equally intensive. But provided that the absolute intensity of the 
sensations interposes no difficulty, the discrimination of locality is not 
affected in the least, (lii) And again, one of the most prompt and 
certain forms of localisation under normal conditions is reference to 
the right or left side of the body. Now if we take two entirely 
symmetrical areas, the back of the right and the left hand, we 
have very gieat similarity of anatomical conditions. On Lotze's view, 
therefore, the discrimination of locality should here be very difficult, if 
not altogether impossible From all these reasons we must conclude 
that the theory of local signature, at least m the special form in which 
Lotze has applied it to the sense of touch, is untenable. But neither 
does there seem any adequate ground for the assumption of a quali- 
tative colouring, vaiymg with the particular locally distinguishable 
cutaneous impressions, The hypothesis posits a very large number of 
discriminable qualities, of which we find no sufficient evidence in^ 
consciousness (cf. g 10. 4). 

4. At ,all events, the connection of tactual impressions with localis- 
ing movements is possible without any participation of consciousness 
The decapit^d frog which is touched with acetic acid at some point 
of its body, onngs the one or the other leg to the stimulated part with 
gieat accuracy of movement. In sleep, too, we-brush aside unpleasant 
cutaneous impressions without knowing anything of our action. It is 
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an obvious conjecture, then, that the real basis of tactual localisation is 
to be looked for injhe movement sensations aroused in us by these 
localising touches of stimulated regions And the view is repiesented 
by Bain and others. Even where movements are not directly executed, 
we are supposed on the hypothesis to notice the inipnlses to move- 
ment, and to argue fiom their character to the locality of stimulation 
But there are three objections to the theory (i) In the first place, 
it is altogether unable to explain cases of wholly unconscious and reflex 
motor localisation, (ii) Moreover, it really does no more than push 
the entire problem one step further back, since the other question 
at once arises how the movement sensations have acquired this un- 
equivocal relation to visual ideas or judgments (iii) And lastly, the 
original problem remains unsolved For the unequivocal relation 
obtaining between cutaneous impressions and localismg movements 
still requires special explanation, z <?., the hypothetical ascription of 
some kind of specific chaiacter to the former Nothing is left, there- 
fore, bnt to transfer the local signs to the sphere of anatomy or 
physiology. We must then demand either a special anatomical 
connection, or a physiological connection perfected by practice, 
in virtue of which locally determinate cutaneous stimulations give 
rise to wholly determinate movements or visual ideas or judg- 
ments. 

5. The most origmai of these localising factors is, in all probability, 
the movement towards the stimulated part For there can be no doubt 
that the connection between visual ideas or direct judgments and the 
different cutaneous impressions takes shape m the course of the indi- 
vidual development, while certain localising movements are almost 
certainly inheiited. Moreover, we may suppose that the connection 
of visual ideas (under normal conditions of vision) with cutaneous 
stimulations is not only earlier than the formation of an immediate 
space judgment, but is also, as a general rule, more accurate in its 
indication of the locality of the impression Hence it would follow 
that the direct space judgments,— the accurate employment of which 
presupposes, of course, the further acquisition of a system of special 
symbols,— weie originally developed under the influence of the other 
two instruments of localisation, sight and movement, and are even 
now to some extent dependent upon them. We may, a£:coidingly, 
confine our present investigation into the conditions of localisation to 
the discussion of visual ideas and localismg movements The ques- 
tion then arises^ whether the local signs (we use the tran Tocal sign' 
in its most general significance as the equivalent of 'condition of 
localisation ') are to be conceived of as anatomical or physiological in 
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origin (i) An anatomical connection of peripheial and central con- 
ductions IS wholly impiobable in the case of the visual ideas. The 
connection is built up gradually, in the form of an association It is, 
therefoie, impossible to believe that certain central cells, which aie 
excited by cutaneous stimuli, are given a priori in an isolated anatom- 
ical connection with certain othei central cells, whose excitations are 
the bubstiate of visual ideas. Nor is there any likelihood of an origi- 
nal anatomical connection between cutaneous stimulations and localis- 
ing movements For the transference of an excitaton fiom the sensory 
to the motor centres of the spinal cord may be very diffeiently medi- 
ated, and take veiy different directions, (li) We are thus forced to the 
conclusion that local signatuie has been physiologically originated. 
There then arises the fiuther question, whether the unequivocalness 
of the local sign is determined by the nature of the excitation as 
cential oi as pciipheral We may answer it by a refeience to the 
phenomena of localisation in cases of transplantation of fragments of 
the skin. If a piece of the skin of the forehead is used to cover the 
nose, eg., a touch upon the tiansplanted area calls up the idea of a 
touch upon the original locality, and is consequently referred to the 
foiehead, for a considerable tune aftei the performance of the opera- 
tion Wo can interpret this fact only by making the peripheral ner- 
vous terminations m the skin of determining importance for localisation. 
Further evidence to the same effect is afforded by the gradual correc- 
tion of the erroneous localisation, which comes with practice under 
the changed conditions We conclude, then, that the local signs 
must be regarded as physiological peculiarities of peripheral excitation. 

6. The spatial functions of the articular sensibility must be 
explained in the same way, i.e., by the hypothesis of a local sig- 
nature in the form of physiological peculiarities of the peripheral 
sensory excitations. But before we apply this principle in detail, we 
must attempt to analyse a phenomenon of the aiticular sensibility 
which has aroused the belief that there are specific ‘movement sen- 
sations’ in addition to the ‘sensations of position’ noticed above 
(§23 6; § 56. 6). It has been found that the judgment of ‘move- 
ment’ may be formed, before theie is any knowledge of the direction 
which the movement takes, or of the positions assumed by the moved 
limb between its limiting points. An exactly similar phenomenon 
occurs with movement of the eyes in the darkened field of vision, 
and again, when an external object moves rapidly for a short distance 
over the skla or in the field of vision. The question is, then, 
whether we must assume the existence of ‘movement sensations’ of 
a specific kind. Now the fact that the same result can be produced 
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la so many different ways is a sufficient indication that it is not due 
to definite sensoiy conditions, but is a phenomenon of more geneial 
psychological significance And, indeed, we find it le-appeaimg 
in vaiious other sensory judgments Thus in the discrimination 
of sensation differences, there is a certain lower Innit of objective 
difference, at which we can say that a difference exists, but have no 
idea of its special nature. Hence, if we assume movement sensations 
in the one case, we should assume a specific ‘difference sensation’ 
in the other But neither assumption is valid The real explanation 
of the facts lies in the chaiacter of the relation obtaining between ^ 
the direct and indirect sensitivity and sensible disciimination (cf. § 4) 
In other words, not eveiy sensation 01 sensation difference finds 
adequate expression in a judgment, but the foimation of the judgment 
is subject to special conditions. These conditions come under the 
general rubiic of association. The most important of them is 
expressed in the law that general or abstract names are more easily 
reproduced than concrete (§ 27 5, 6) The judgment of ‘movement’ 
IS ceitainly of more general significance than the judgment of ‘move- 
ment in a definite direction’ and ‘of definite extent and duration’ 
Hence a movement of slight extent and high rapidity will reproduce 
the more general judgment, though it is unable to call up a more 
special definition There remains the other point, — that the various 
positions of the moved limb are not separately remarked. This 
phenomenon, again, has many analogies we are unable to dis- 
criminate the various degrees of intensity in the rise of a tone, in 
the growing brilliance of an illumination, and in an increasing pressure 
upon the skin. And we have seen that the estimation of any sensoiy 
impression requires a certain amount of time Here again, then, is a 
phenomenon of general occurrence, referable to the fact that not 
eveiy attnbute or alteration of a sensation is expressible in a particular 
judgment. When it appears in connection with continuous change 
of intensity or quality, however, we do not at once set up a special 
class of sensations (sensations of rise and fall, e.g ) So heie, we 
need not assume a specific ‘movement sensation’ m contradistinction 
to ‘sensations of position’ 

7 We may now pass to the consideration of the special form 
assumed by the local sign theory m its ajDplication to the facts of 
cutaneous and articular sensibility (§ 56). The delimitation of the 
local signature at diffeient parts of the skm has beej^ suggested, in 
particular, by the experiments on the space limen. The fiist theory 
to ihention in this connection is Weber’s hypothesis of sensation 
circles (§ 56, i). It is based upon the valid assumption that a just 
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noticeable separateness of sensations is indicative of the relative 
dimensions of the area coveied by stimuli at different paits of the 
skin The sensation circle is simply an area of this kind, charac- 
tensed by the indistinguishability of two stimuli which fall within its 
borders. Weber accordingly looks upon the skin as a mosaic of 
sensation ciicles, which differ in form and magnitude from part to part 
of its surface. Sensations oiiginated in neighbouring circles differ very 
slightly , and their difference increases, up to a certain limit, with the 
number of separate sensation circles included between the two points 
of contact The perception of an interval between these points re- 
quires the intervention of several unstimulated sensation circles. A 
vague recollection of their numbei arouses in the mind the idea of 
an interval, and this interval increases subjectively with the number 
of unstimulated circles. The specific sensitivity of the circles, finally, 
is due to differences in the distribution of sensory nerve trunks, 
whose peripheral radiations do not mediate spatially discriminable 
sensations 

Weberns theory, however, cannot be reconciled with Goldscheidei’s 
observation that a space limen is obtainable fiom two neighbouring 
pressure spots, for m this case it is impossible to suppose that a 
certain number of unstimulated sensation circles intervene between 
the just noticeably separate stimuli Goldscheider accordingly substi- 
tutes foi the sensation circles a system of radially disposed nervous 
termmations. 

8. In one respect, however, Weber’s whole idea needs revision— 
as regards the psychological relation between the just noticeable sep- 
aiateness of two points in contact with the skin, and the distance 
contained between them. The connection between separateness and 
distance can be interpreted only in one of two ways. Eithei we 
must assume (and this is the more obvious supposition) that the im.* 
pression has a very different extension at different parts of the skin, 
so that the least noticeable distance always remains constant, and 
wears so diffeient an appearance in obiective measurement simply 
because the extension of the sepaiate stimuli is very different in 
sensation: or we must imagine that the estimation of the spatial sig- 
nificance of different stimuli is essentially different in different places, 
so that, e.g.y a given distance upon the back has a quite different 
significance from the same distance upon the forehead. In the former 
case, the difference of the space limen would be attributable to 
the different '^subjective extension of the stimuli; whereas in the 
second case, the difference would be reducible merely to a relative 
Qvexestimation or underestimation of the stimulus distance* We can 
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hardly decide in favour of either view, until investigations have been 
made into the perception of extension In all probability, however, 
both processes are concerned in the production of the observed 
result. The second explanation in particular finds distinct support in 
the fact that the subjective differences of extension with simple con- 
tact are not so large as we should expect them to be, if the first 
alone were cogent. 

Still less can be said at present of the local signatuie of the artic- 
ular sensibility. There is a ceitam connection between the number 
of cutaneous neiwes within a given area and the delicacy of spatial 
discrimination. But nothing is known of a similar topographical 
distiibution of sensory nerves over the articular surfaces, although the 
differences in sensitivity for extent of movement m the different joints 
seem to suggest it 

9. The space perception of the congenitally blind is almost exclu- 
sively mediated by the functions of the cutaneous and articular 
'sensibilities, — apart, of course, from the very accurate localisation of 
auditory impressions. We cannot hesitate to identify the spatial 
attributes of cutaneous sensations, at least in principle, with those of 
vision Extension is a common pioperty of these two senses, just as 
duration or succession is a common predicate of sense impressions in 
general. We must believe, therefore, that congenital blindness is com- 
patible with a real space perception. We have already remarked 
incidentally that the spatial functions of skin and joint are ordinarily 
more delicate in the blind than where vision is normal (§ 56. 2, 4, 8) 
The fact is probably 'referable simply to the greater share of the atten- 
tion, and to the more constant practice which the sense of touch 
receives in blindness. But there is no evidence that the tactual space 
perception of the blind furnishes them with any new quality of sen- 
sation Thus the ‘ feeling of distance’, which often reaches a high 
degiee of development, seems to depend entiiely upon changes of 
pressuie or temperature noticed by the peculiarly sensitive slan of the 
face as an object is approached. The space idea in normal vision is 
far richer in qualitative variety, far more comprehensive at each 
moment, and far more differentiated (owing to the greater refinement 
of the retina as an organ of space perception) than that of the blind. 
Hence we can understand that a congenitally blind patient, restored 
to sight by operation, accustoms himself slowly and with difficulty to 
the new world of visual space into which he is suddenly introduced. 
But his inability to name objects presented to him does not justify 
the conclusion that he has at fi:rst no visual space perception at all 
The colligation of the familiar name with the absolutely new conscious 
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contents must be learned^ as it had to be teamed originally in tactual 
space perception. 

10. Observations of the results of operation for congenital blindness 
are not adequate^ then, — as has often been supposed, — to the settlement 
of a theoretical controversy, the contioversy of empiftsm and naiivtsm. 
The nativistic theory of space assumes that certain constituents of 
space perception are connate or given a prion The empiristic theory 
declares, on the other hand, that the whole system of space perception 
IS a product of gradual development, s It is evident that the distinction 
becomes psychologically important only when an oiiginally 'spatial’ is 
opposed to an oiiginally 'unspatial’; when, i e,, the theones take the 
form (1) that certain spatial attiibutes attach to the veiy first visual or 
tactual idea which appears in consciousness, and (11) that spatial attrib- 
utes do not primarily attach to these ideas at all A stiict empirism 
in this latter sense seems tenable only as connected with some meta- 
physical view of the mmd Psychologically, it is imposible for us to 
conceive of a visual or cutaneous sensation wholly deprived of spatial 
character. It is sometimes urged that the auditory nerve might also 
have a spatial function, since its separate fibies are capable of isolated 
conduction The objection overlooks the fact that a simple correspond- 
ence between the points in space and paiticular sensory terminations 
obtains only for skin and retina. Only the sensations excited in these 
two organs, i e , can be accredited with direct spatial attributes. The 
correspondence is not the same even for the articular sensibility, where 
it subserves the development of the idea of position or movement 
An unequivocal connection between the local signs of aiticulax impres- 
sions and the movements of the limbs is the presupposition of the 
great importance which they come to possess for certain space ideas. 
The controversy between nativism and empirism would seem, therefore, 
to be based upon misunderstanding. 

§ 58. The External Conditions of Visual Space Perception. 

I. The exteinal conditions of tactual space perception are compara- 
tively simple and readily distinguishable. Those of visual space 
perception, on the other hand, aie extremely complicated, and we 
must consequently devote a Section to the consideration of the diffeient 
factors which the spatial judgment involves. The spatial functions of 
monoculai visi^ are different from those of binocular, and those of 
the restmg eye from those of the moving Moreover, the retinal 
image which corresponds to an object in external space is dependent 
upon the refraction, constant or vanable, of the rays of light in their 
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path thiough the eye. We will, theiefore, begin with a biiet summary 
of the effects of these diffeieiit conditions upon spatial vision. 

I Monocular Vision. 

(a) The Resting Eye — The rays of light which penetrate the eye 
are more or less limited in numbei by the small size of the pupil, 
and changed in direction by a senes of refractive media, (i) The 
small size of the pupil sets a limit to the extension of the spatial field 
of the resting eye The limit is vaiiable, as the circle of the pupil 
varies, — refiexly constncted oi dilated by the muscles sphincter and 
dilatator pupillae of the ins. The pupillar reflex bears no direct 
relation to the spatial character of the seen object. As a general rule, 
strong stimuli produce constiiction and weak stimuli dilatation, though 
the lefiex is also subject to oiganic conditions. 

2. (ii) The media which change the course of the rays of light 
are as follows, in the oider from without inward' cornea, aqueous 
humour, lens and vitreous humour. Each of these media has a 
diffeient index of refraction, as has each layei of the lens. It is 
usual to discuss these influences under simpler conditions, in the 
‘reduced’ eye of Listing, — an eye which has only one optical centie 
and, therefore, only one point of inteisection of all umefracted lays ' 
This point is termed the nodal point of the Imes of direction. It 
lies in the posterior curvature of the lens, at a distance of about 15 
mm from the retina The construction of the retinal image of the 
reduced eye is exceedingly simple, since all the various conditions 
of refraction are conceived of as concentrated in the lens, which is 
then given a single ideal exponent The lens itself acts as a converging 
lens, so that the retinal image of a visible object is inverted, diminished 
and leal. This image will plainly be distinct in one case only, — when 
all the lays proceeding from a luminous point meet again in a single 
point upon the retina. If, theiefore, the curvature of the lefi active 
medium were invariable, as in an ordinary glass lens, distinct vision 
would be possible only at one definite distance of the object from the 
eye The eye, however, possesses a mechanism of accommodation^ by 
which the degree of curvature of the lens can be varied within faiily 
wide limits Tlie limits of accommodation aie the limits of distinct 
vision, and are generally referred to as the ‘neai point’ and the Tar 
point’ of accommodation. Changes in lenticular curvature are effected 
by the conti action of the muscle of accommodation, \^ich is attached 
to the choroid coat and pulls upon the zonula Zinnii, a membrane 
surrounding the edge of the lens If the muscle is unstimulated, this 
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membrane is stretched taut, and so gives the lens a weaker cuivature. 
If the muscle contracts, the choroid is brought forward, the zonula 
relaxed, and the lens forced into a stronger curve by its own elastic 
tension. 

3. In the emmetropic (normal) eye, the far point of accommoda- 
tion IS infinitely distant, the near point 12 to 13 cm. from the eye. 
In the myopic (short-sighted) eye, the fai point is brought to a finite 
distance and the near point also approaches the eye, in the hyper- 
metropic (long-sighted) eye, the near point is abnormally distant. If 
the eye is wrongly accommodated, the object seen gives rise to 
dispersion images upon the retina, due either to the meeting of the 
rays proceeding from a luminous point in front of the retina or to 
the situation of their ideal meeting point behind it. The mechanism 
of accommodation thus secures a distinct vision of objects at very different 
distances and within wide limits of absolute distance. 

The sensitive retinal units are the cones (cf. § 21. 2). These occur 
in the greatest numbers in the fovea centralis, a transparent depressed 
area at the centre of the yellow spot (macula lutea). At this point 
some 13,500 cones have been counted in i □ mm. The macula lutea 
IS termed the spot of clearest vision. It is principally employed in the 
‘fixation’ of an object. Hence we distinguish between direct and 
indirect vision : if the retinal image of an object is formed at the spot 
of clearest vision, it is seen directly ; if it is formed at some point in 
the lateral portions of the retina, it is seen indirectly. The line of 
junction between the fovea centralis and the luminous point is named 
the visual axis. It meets the line of junction between nodal point 
and luminous point, the optical axis, at an angle of about 5^ whose 
vertex lies at the nodal point (point of intersection of the lines of 
direction). The different distances sepaiating the cones correspond 
to the different distances between spatially discnminable pressure 
spots in the skm. The diameter of the point of a cone is about 
0.6 ft (i ft = -riAnr nim.) ; and the distance between cone and cone seems 
to be not much greater than this diameter . it has been measured as 
about 2 ft. The restmg eye is accoidmgly as well fitted for every 
kind of spatial function as is any not moving part of the skin. Exten- 
sion and figure, distance and position and movement can all find 
representation on the resting retina in monocular vision. But besides 
this we have a definite empirical criterion for the distance from the 
eye of a visibly object, in the strain of accommodation and dispersion 
images. The various degrees of accommodation may arouse 
sensation, and the dispeision images indicate the position of the object 
which gives rise to them as before or behind the object of distinct vision. 
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4. (h) The Moving Eye . — The eyeball is a sphere, moving with great 

ease and rapidity on the fatty cushion of the orbit All its movements 
are movements of rotation, and the point round which they are made, 
the pomt of rotation, lies some 6 mm. behind the nodal point on the 
line of regard, the line of junction between the fixation point and the 
point of rotation The angle formed by the rays which pass through 
the nodal point is the visual angle ; the angle which the eye describes 
in movement the angle of rotation The angle of rotation is, accord- 
ingly, always somewhat smallei than the visual angle, for a constant 
distance of two points m space. The eye is moved by means of six 
muscles, constituting three pairs of antagonists. The fiist pair, the 
internal and external recti, turn the eye outwards and mwaids in the 
horizontal plane; i.e , their axis of rotation lies in a vertical plane at 
right angles to the line of regard. The second pair, the supenor and 
infenor recti, turn the eye up and down, but exert a shght pull inwards 
at the same time Their axis of rotation is, therefore, perpendicular 
neither to the line of regard nor to the axis of rotation of the first 
parr It makes an angle of about 70® with the Ime of regard. The 
rotatory movement in this case is consequently more complicated 
We may regard it as composed of a rotation round a horizontal axis, 
cutting the eye at the point of rotation, and perpendicular to the 
vertical axis and to the Ime of regard, of a rotation round the hne of 
legard, and of a rotation round a vertical axis. By the first component 
the eye is raised and lowered, while by the other two it is rotated 
inwards, A rotation whose axis is the line of regaid is termed 
torsion or swivel rotation. Its magnitude is measuied by the angle oi 
torsion. 

5 The movement produced by the third pair of muscles, the 
superior and infenor obliqm, is also a composite rotation. The 
superior obliquus lowers the eye and turns it outwards; the inferioi 
raises the eye and turns it outwards The axis of rotation of these 
muscles lies in the same plane vdth the horizontal axis and the line 
of regard, but makes an angle of 30^ with the latter. The superior 
obliquus, i.e. assists the infenor rectus to depress the iine of regard, 
but is antagonistic to it as regards torsion; the inferior obliquus assists 
the superior rectus to raise the eye, but is similarly antagonistic to it 
with regard to torsion. There is only one movement which can be 
effected by a sipgle pair of muscles, — movement outwards and inwards 
Movement in any other direction requires the co-c@eration of four 
or of all six muscles 

The spatial functions of the eye which depend upon movement 
are (1) primarily indirect, movement changes the retinal image of the 
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lesling eye, under constant conditions of externai environment The^ 
spot of clearest vision can thus be brought into connection with 
diffeient external objects over a fairly wide area, and the whole field 
of vision IS considerably enlarged. Movement of the eye would in 
this respect be precisely analogous to movement of the head or of 
the whole body, and would be preferable to either of these move- 
ments simply in virtue of its greater facility and rapidity But (ii) 
eye movement has also been held to exert a ditect influence upon 
visual space perception. The muscular sensations produced by the 
conti action of the different eye muscles, it is said, furnish a delicate 
and accuiate measure of spatial distances We shall discuss the 
validity of this hypothesis later (§§ 59, 3, 8, 60, 3, 4; 61). 

II. Binocular Vision. 

6. (a) The Resting Eyes.—K portion of the fields of vision of the 

two eyes is coincident m binocular vision, while the lemaimng parts 
of the total field are seen only by a single eye. The luminous points 
m the common portion, the centre of the full field, are represented 
upon both retinae. They may, however, be seen as single ; in which 
case their points of representation upon the letinae are termed 
cofrespondiiig or ideriiical points. The position of these points is not 
anatomically determined, but is very largely dependent upon the 
special practice of the eyes in binocular vision. Thus they are 
differently situated in eyes which squint and in eyes whose movement 
IS symmetrical. Only in the latter are they sjonmetrically arranged 
with reference to the fovea centralis. But their strict localisation is 
not possible at any time. Circumstances may always arise under 
which a unitax y image of a luminous point as mediated by asymmetri- 
cally situated retinal points, although the possible variation from 
symmetiy is not large We cannot, therefore, correctly speak of 
conespondmg ^points’, but must rather say that each sensitive point 
upon one retina ‘corresponds’ to a small area upon the other. The 
sum total of luminousj points which find representation upon corre- 
sponding parts of the retinae is called the horopter. The mathematical 
construction of the horoptei has often been attempted; but the 
variability ,of the conesponding points deprives it of all practical 
importance. If a luminous point stimulates retinal points which lie 
beyond the liimts of correspondence, we have two spatially separate 
sensations, or double images This single or double vision of objects 
in space constitutes an important addition to the spatial functions of 
the resting eye in monocular vision; double images enable us to 
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measure distance in the third dimension with great accuracy, and 
thus transform areal into tridimensional vision, 

7. (^) The Moving The ends of vision are greatly furtheied 

by an automatic co-ordination of the movements of the two eyes, 
which IS perfected at a comparatively early stage of mdividual devel- 
opment. There are then, as a general rule, only two possible forms 
of movement : (i) parallel movement^ during which the lines of regard 
of the two eyes remain constantly parallel to each other, and (li) move- 
ments of convergence^ in which the lines of regard of the two eyes 
intersect at some point of objective space. Movements of divergence, 

movements in which the two Imes of regard would intersect at 
a point behind the eyes, occur only in exceptional cases, as the 
result of special practice or a pathological disability of certain muscles 
Parallel movements may be regarded as movements of conveigence 
in which the lines of regard intersect at an infinitely distant point of 
space. Movements of convergence are further divided into symmetrical 
and asymtneincal In symmetrical convergence the lines of regard 
make equal angles with the horizontal axis of the two eyes ; in asym- 
metiical convergence these angles are unequal Asymmetrical con- 
vergence is confined to movement from without inwards and from 
within outwards; convergence of the eyes upward or downward is 
always symmetrical. The orientation of the eye, i,e ^ its position with 
regard to objects in the field of vision, is by no means constant for 
all movements It has been found, more particularly in experiments 
upon the apparent locality of after-images, that a constant orientation 
of the eyes during movement is only possible under one condition, 
that the movement be made from the primary position^ in which 
the lines of regard are parallel and inclined a little below the hori- 
zontal plane. Secondary positions are reached by simple movements 
outwards and inwards or upwards and downwards, by movements 
in which either the plane of the primary position or the parallelism of 
the lines of regard is retained. Tertiary positions are reached by 
convergent movement of the lines of regard upwards or downwards, 
ie ^ by movements in which neither the parallelism of the lines of 
regard nor the horizontal plane of the primary position is preserved 
The divergence of all these new positions from the primary position 
is expressed by the magnitude of the ascensional angle or the angle 
of lateral displacement or both. 

8. The first secondary position can be brought afeout by the ex- 
clusive action of the external and internal recti. The second requires 
the combined action of the superior rectus and inferior obliquus, or 
of the infeiior rectus and superior obliquus A tertiary position can 
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only be obtained by the combination of all thiee pairs: movement 
outwards and downwaids, eg,, presupposes the co-operation of the ex- 
terior and inferior recti and the superior obliquus All movements 
of this kind involve torsion of the eyes. We need not consider the 
forms and laws of these composite eye movements in detail, as their 
interest is purely physiological. But it may be noticed that the rela- 
tion between orientation and direction of movement has evidently 
taken shape under the influence of visual experience. It may be 
regaided in essential as a purposive connection of the two eyes for 
common fixation Hence movements of divergence, which would be 
unserviceable for this purpose, have not been developed at all. The 
two lines of regard can move only under the condition that a common 
fixation point is possible, and the displacement of the retinal image 
is intimately related to movements of regard. Another factor in the 
result is the preference accorded to the fixated parts of the field of 
vision by the selective function of the attention 

It IS again questionable whether the movements of the eyes in 
binocular vision stand in a direct relation to visual space estimation, 
or aie simply indirect aids to spatial peiception, like movements of 
head and body (cf. 5 above) If the formei view be held, it becomes 
necessary, in the interests of psychological theory, to take account of the 
muscular or other sensations arising from eye movement, and to con* 
sider the relative strength or weakness of the particular muscles, i>e , 
the mechanical conditions of muscular action in the orbit Otherwise, 
these questions need not detain us. Movements of convergence at 
all events furmsh a means for the estimation of the distance of an ob- 
ject from the eye The degree of convergence is a measure of the 
proximity of the object. There is a close interconnection of movement 
of convergence and accommodation, so that, as a geneial rule, the 
object of binocular fixation is clearly seen. Recent mvestigation has 
made it probable that this interconnection is connate. 

§ 59. The Facts of Visual Space Perception, 

I. The Estimation of Extension and Distance. 

I. The just noticeable visual extension and distance are exceedingly 
small. Their determmation is quite simple * two luminous points, white 
lines, etc, at^ constant distance from the eye, are approximated or 
separated to the limit at which they are just noticeably distinguishable 
Either the visual angle or the distance between the two retinal images 
may be used to express the keenness of vision^ i,e , the capacity of 
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discnmmation of points in space. It has been found that keenness 
of vision IS largely dependent upon the part of the retina stimulated 
It IS greatest m direct vision, and decreases continuously towaids the 
lateral portions of the retina, so that its value at 30° to 40^ fiom 
the fovea centralis is only of its value at the centre. The just 

noticeable distance of colours and brightnesses m diiect vision is 
about one mmute of arc (visual angle) or 0.004 (distance 

between retinal images). It is probable, however, that this result is 
vitiated by irradiation, the diffusion of stimulation on the retina: at 
least, a much smaller value has been recently obtained by a different 
method Two lines or slits were taken, one below the other, and 
their relative position altered until the change in direction became 
just noticeable The visual angle was here only 10" to 12" (seconds 
of arc), and the correspondmg distance between the retinal images 
only 0.00089 mm. 

2. The accuracy of the eye for the comparison of spaces of some 
length, ejfe measu 7 'ement as it is called, has been made the subject of 
frequent investigation. The chief points at issue have been the valid- 
ity of Weber’s law for the sensible discrimination of visual extension, 
the part played in comparison by eye movements, the influence of the 
quality of the estimated distances upon the judgment of their extent, 
etc. But no satisfactory conclusion has been reached, despite the 
number of experiments made. The outcome of the different researches 
has not always been the same; in some cases the method employed 
has been exceptionable; and there are vanous circumstances whose 
isolation, while necessary for certainty of result, is very difficult, if not 
impossible. The absolute sensible discrimination has always been found 
to decrease with the extent of the distances compared, both as regards 
magmtude (method of minimal changes) and delicacy (method of 
average error). The relative sensible discrimination appears from several 
investigations to be constant within certam limits, with a relative differ- 
ence limen of approximately From others, however, it would seem 
at first to mcrease and then to decrease with increase of the distance, 
and to show no constancy over any particular legion. The quality of 
the compared distances is of great importance for the estimation of 
their extent We have evidence of this in our everyday expenence: 
a life-size portrait appears smaller than it really is; if we \iy to draw 
the diameter of a half-crown we ordinarily make it too small, etc. 
Distances which are boimded by two points, ‘point distances ^ are taken 
to be smaller than ruled Imes of equal objective length; while inter- 
rupted lines, composed of a series of points or small dashes, appeal 
longer than ruled lines. The position of the compaied distances is 



§ 59 facts of visual SPACE PERCEPTION 


^59 


also of importance. Vertical distances generally appear larger than 
horizontal, and a distance to the left greater than a distance to the 
right. If two space lengths aie compared at different distances from 
the eye, the moie remote is relatively overestimated. Again, it has 
been shown that the sensible discrimination of the moving eye is 
greater than that of the resting, and that in either case it is somewhat 
greater with binocular vision than with monocular. Comparison is 
apparently most accurate when the eyes are allowed to move uncon- 
stramedly to and fro over the stimulus distances, for a little time before 
judgment is passed. A purely successive estimation diminishes sensible 
discnmination, more especially if the distance of comparison does not 
simply replace the normal distance, but is shown m some other spot. 
The result in this case is further modified by the length of time elaps- 
ing between the perception of the two distances. 

n. The Estimation of Position and Direction. 

5, The most important element in the determination of the position 
of an object in space, apart from its distance from other objects m 
the visual field, is its distance from the body of the observing subject. 
The perception of this distance is the idea of depth or of the third 
dimension This idea can be formed only by indirect means There 
is no specific representation of distance in depth upon the retina, 
which can only reflect the extension or distance of objects in space in 
the horizontal or vertical direction There are three indirect aids to 
the idea of depth in monocular vision : the degree of accommodation, 
dispersion images, and eye movement. The first of these has been 
experimentally tested, with the result that the difference limen was 
approximately -jV of the compaied distances. It possesses no great 
accuracy, therefore, and in any case its assistance is necessarily re- 
stncted to the limits of accommodation. Dispersion circles, again, give 
no definite information as to the distance of the object from the eye, 
since the object represented by the dispersion image might equally 
well be situated before or behind the object of reference (whose exist- 
ence must be assumed), /.<?, the object of clear vision. And lastly, 
the reliability of eye movement is inversely proportional to the dis- 
tance of the compared objects from the eye. In appealing to it, 
we make' the length of the path traversed by the point of regard 
the measure of the distance of the object (the movement 
being supposed to begin from our own body, i e,, from the feet). But 
the farther fiom us two objects really are, the smaller, of course, is 
the movement of the point of regard corresponding to the difference 
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in their distances On the whole, therefore, monocular vision is 
characterised by lack of perspective or of depth discrimination 

4. There are two principal aids to the formation of the idea of depth 
in binocular vision, which enable us to estimate the distance of objects 
from our own body. These are movements of convergence and double 
images. Experiments upon convergence have shown that the difference 
hmen is about of the distances compared, t,e , that there is con- 
stancy of the relative sensible discrimination. But the most important 
aid to the estimation of depth is the difference between the letinal 
images of the two eyes. The nght eye sees a depth difference of two 
points in space differently from the left eye. This can easily be veri- 
fied by observation (alternate closing (of the two eyes) and by geo- 
metrical construction. The third dimension of a single object, , or the 
depth distance between two objects, is always differently represented 
upon the two retinae. Thus if a point a lies behind the point of 
fixation m the median plane (the plane which bisects the line of 

junction of the two points of ocular rotation or optical centres at nght 
angles), its apparent distance from h is the same m both eyes, but it 
is seen with the nght as far to the right of h as it is seen with the 
left to the left of h (uncrossed double images). If it lies in the median 
plane before the point of fixation b, it is seen by the right eye as far 
to the left of b, as it is by the left to the right of b (crossed double 
images). The idea of depth originates in the combination of these 
different individual functions of the two eyes (§ 58. 6; cf. § 51. 7): 
in other words, it is reducible to the difference between retinal dis- 
tances. And, as a matter of fact, it has been found in experiments upon 
the just noticeable change of depth, that the accuracy with which we 
estimate depth differences in the distance of an object from our own 
body or from a given object of reference is the same with the keen- 
ness of vision or delicacy of eye measurement. This cucumstance is 
of the very highest importance for perspective vision. Under any other 
condition it would be absolutely impossible that the reverse effect should 
be produced, and superficial area seen as tridimensional reality. 

5 Our judgment of the distance of an object from otir own body, 
however, is not wholly mediated by these visual factors. There are 
a number of empirical criteria which are of importance here as they 
are for visual space perception in general. One such ciiterion, 
is the clearness of the distant object. The more distinct it appears, 
the nearer do we take it to be . hence distant houses or mountains 
seen on a clear day seem nearer than they do when the air is damp 
and foggy. The directions which we attribute to objects in space 
have already been referred to in our discussion of distance (cf. 2 
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above), but they call for special mention here because their deter- 
mination stands m direct 1 elation to the local quality of our own 
body. Right and left, above and below, befoie and behind, are 
piiinaiily indicative of the position of the body with regard to the 
objects of which they aie predicated. As the reciprocal oiientation 
of the vanous parts of the body is oidinarily constant, the determination 
of their position is an adequate criterion of spatial direction This is 


the key to the solution of the much discussed problem of the inve,j^n 
of the retinal image. 

'yi ^ 

III. The Perception of Figure. ' 0 


6. The peiception of the figure of an object is reducible (§ 55. 4; 
to the peiception of a sum of extensions. Of determining importance 
are the limiting lines or surfaces and their position m regard to one 
another. We can estimate with great accuracy whether a Irne is 
straight or curved, and whether two lines are parallel, divergent or 
conveigent Visual estimation of the magnitude of the angle formed 
by two convergent lines, however, is less accurate. The perception 
of surface presents a special problem, since the discreteness of the 
sensitive retinal units has to be reconciled with the continuity of the 
aieal field of vision In particular, there is quite a large area in 
either eye which is insensitive to light,— the blind spot at the place 
of entry of the optic nerve, towards the nasal periphery of the two 
retinae. The existence of this spot was not discovered until the 
seventeenth century, and is demonstrable only by special experiments 
It cannot, of course, be remarked in binocular vision, since the nasal 
portions of the monocular fields are coincident (§ 58. 6), so that what 
IS blind in the right retina corresponds to a sensitive poition of the left, 
and conversely. But neither is there any perception of it m monocular 
vision as a gap or hole in the visual field : it is apparently altogether 
filled out by the quality of its environment. An obj’ect which lies 
exactly opposite to the blind spot m the field of vision is not seen, 
its place being apparently taken by a simple continuation of its 
surroundings. This effacement is greatly assisted by the indistinctness 
of indirect vision. On the other hand, there is no real problem in 
the relatign of the discrete cones to the continuous field of vision, 
Since the keenness of vision is haidly adequate to appreciate the 
distance betwe^ cone and cone (§§ 58. 3 ; 59. i), the discreteness of 
the retina has no existence in space perception. 

7. The perception of a body, of a tridimensional object, —stereo^ 
scopic vision,— involves a new factor, the idea of depth. Our previous 



362 


DOCTRINE OF COMPOUNDS: COLLIGATION 


discussion of its foimation (II above) also applies here. The most 
important factor in steieoscopic vision, especially it the visual objects 
are somewhat small, is the disposition of the double images, the 
distance of the retinal images from one another Eye movement is 
certainly not of determining influence (§ 58. 8) ; for stereoscppic vision 
IS possible when the object is illuminated by the electric spark, 
when the duration of stimulus is so short that eye movements are 
entirely precluded Moreover, the artificial combination of two areal 
images in the stereoscope proves that the real basis of the idea of 
depth IS simply the different position of the letmal images in the two 
eyes. On the other hand, the tridimensional interpretation of a 
/ superficial representation, e g,^ of a drawing in perspective, is wholly 
dependent upon empirical cnteria. The illusion of tndimensionahty 
must be pioduced by shading, by the distnbution of colour and 
brightness, by the omission of the farther side of the object represented, 
etc And lastly, it is noteworthy that the discrimination of particular 
objects m space is the result of a development, prmcipally conditioned 
by the constant interconnection of their vanous constituents through 
all other changes of spatial relation The congenitally blind are wholly 
uniible to distmguish particular things immediately after the operation. 
They see a single, comprehensive whole, made up of different bright- 
nesses and colour tones, and they are subject to a whole series of 
illusions as to the nature of objects presented to them, which are 
referable to their inability to isolate the particular thing from its 
surroundings. 


IV. The Perception of Movement. 

8. Alteration of the position of an object is deteiminable only 
when the object can be brought into a constant relation with 
the perceiving eye For there can plainly be no absolute deter- 
mination of a continuous spatial alteration; it must be defined by 
refeience to the spatial character of the movmg object as previously 
known, or to other objects of ascertained position. The most important 
of these objects of reference is the observing eye itself, because the eye is 
capable of extensive movement, and an apparent movement may, 
therefore, be due to its own change of position, as well as to' that 
of the object. Estimation of the movement of an object in external space, 
i fi., necessarily presupposes an accurate determination of the movement of 
the eye, or of its position in steady fixation It is to be\aoted, however, 
that , when the field of vision is completely darkened, objective and 
subjective movements may be confused within quite wide limits, 
la the author’s experunents upou centrally excited sensations (§ 28. 2, 3) the 
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subjects were not infiequently deceived as to the position and movement of the 
faint light stimulus employed. Movement of the objective illumination was entirely 
excluded by the conditions of the expeument, and the attitude of the body was 
also constant throughout Nevertheless, the light was seen above or below, to 
the nght or the left, and was not seldom accredited with a movement in vanous 
directions Similar illusions have been noticed by other observers. 

We are thus forced to conclude that our judgment of the position 
and movement of the eyes is extremely uncertain. Our cognition of 
the movement of an external object will be accurate, % e , only when 
. we have some further object of reference by the help of which we 
may perceive the changes which it undergoes. This object of refer- 
ence IS chiefly useful as ensuring a constant orientation as to the 
position of the eyes, we can judge with very great accuracy whether 
or not an object is situated at the common point of regard (§ 58 8). 

9. A movement is completely defined by a statement of its direc- 
tion, rapidity and extent. These factors have not been sharply 
enough distinguished in previous experiments upon the perception of 
movements (only partially, e.g., in mvestigations into the articular 
sensibility: cf. § 56, 6-8). Attention has been attracted, however, 
to the characteristic differences m the visual perception of movement 
in different parts of the visual field, t.e., over different portions of the 
retina. Both the magnitude and the rapidity of objective movement 
are far more adequately cognised m indirect than m diiect vision. 
The limits of the perception of movement have also been ascertained 
There are an upper and a lower limit of rapidity, beyond which its 
peiception is impossible. The least rapidity of movement which is 
just perceptible is that of one to two minutes of arc in the second 
(== 7 cones per sec. at the centre of the retina), This value is 
greatly increased if there is no orientation of the moving object by 
points of reference in the visual field. It is also larger in mdirect 
vision, though this increase is not correlated with diminution of 
keenness of vision. The determination of the upper limit is merely 
relative, consisting in the comparison of the just noticeable move- 
ment with the just noticeable time difference between the appearance 
of two visual impressions at different places. While this just notice- 
able interval or succession is 44(7 (iff = sec.; cf. § 65. i), a 

movement _ between two points at the same distance from the eye is 
noticeable when the time elapsing between beginning and end is no 
more than i4ff. ^ The fact that a judgment of movement can be made 
before any precise judgment of the nature of the spatial change is 
possible has again led to the assumption of specific movement sensa- 
tions. The assumption overlooks the fact that general predicates are 
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always more easy of reproduction than special (cf § 27 5, 6, § 57. 6). 
Lastly, expeiiments have been made upon the sensible discrimination 
for the rapidity of movement Accuiacy of deteimination, however, 
was possible only for comparatively slow movements, wheie the differ- 
ence limen was approximately one minute of arc in the second. At 
higher rapidities of movement, the observations weie disturbed by 
movement after-images or metakinetic movements (§ 60. 5). 

§ 60. Optical Illusions. 

1. Nothing more need be implied in the expression ‘optical illusion ’ 
than that theie is a discrepancy between vision and objective mea- 
surement This disciepancy may obviously be due to very diffeient 
reasons. Hence the current view that optical illusion is referable to 
one definite cause implies a limitation of the term in a definite direc- 
tion The ordinary explanation of the phenomena as deceptions ot 
judgment makes them altogether mdependent of the anatomical 
structure or physiological function of the visual apparatus. If we 
are not biassed in favour of this explanation, we cannot lefuse to 
recognise that optical illusions are produced by a great vaiiety of 
causes. At the same time it is noteworthy that visual perception in 
particular, the perception to which we owe oui most exact and com- 
prehensive knowledge of the external world, is peculiarly susceptible 
to subjective influences. We have had instances of this in the filling 
out of the blind spot (§ 59. 6), in the idea of depth (§ 59 II), and 
in other factors of the normal perception of visual space § 59 5). 

The causes of optical illusion may be divided under three general 
headmgs The first embraces all those conditions of the diveigence 
of subjective and objective spatial determination which aie given with 
the visual apparatus. The second includes those associative supple- 
ments of sense perception which lead to a discrepancy between a 
judgment of the spatial qualities of the visible object and the actual 
contents of the sensation or sense idea. And the third comprises 
wrong interpretations of sense impressions in the strict use of the 
phrase; a judgment of the given perception which transcends 
the visual contents of reproduction or peripheral stimulation on the giound 
of certain indirect cntena. It is evident that only the second and third 
of these three groups fall within the current definition of optical illusion. 

2. We may note that the existence of an optical illusion presup- 
poses the comparison of at least two visual space determinations. No 
one would think of applying the term to a just noticeable distance 
between two points of visual space. This is simply due to the fact 
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that we are ordinarily as incapable of an absolute estimation of spatial 
magnitudes, as we are of intensities or time intervals ; and that absolute 
determination is possible at all only through a continued exercise of 
memory. We have, therefore, to revise the general definition of optical 
illusion given above, and to say that illusion arises, not from the 
discrepancy between vision and objective measurement, but from an 
error m the comparison of two visual perceptions, the one of which is 
taken as standard. Direct vision, e.g, gives the standard of visual 
space perception, in contradistinction to indirect vision. The choice 
of the standard of reference, however, is obviously wholly conventional, 
and we shall, therefore, pay it no more attention than seems necessary 
for an exact defimtion of optical illusion Remodelling our original 
statement from this standpoint we may lay it down that optical illu- 
sion occurs whenever one and the same objective space character is 
judged in difi'erent ways under the influence of secondary circum- 
stances. We need make no attempt to decide as to the relative correct- 
ness of the divergent judgments. The phenomena covered by the 
expression ‘optical illusion,’ as we employ it, thus reduce to subjective 
differences in the spatial estimation of the same visual objects. And 
we accordingly have to distingmsh as many lands of optical illusion as 
we found kinds of visual space determination, t e., illusory perceptions 
of extension and distance, of position and dii action, of figure and of 
movement. We will give a brief summary of the most important 
phenomena undei these four heads. 

3. (a) Illusions of Eye Measurement , — We have already discussed 

most of the facts which belong here (§ 59. 2). Thus a square appears 
to be a rectangle which is higher than it is broad; and if we are 
required to draw a square we make the vertical sides shorter than the 
horizontal As this fact seems to be practically independent of the 
part of the letina stimulated, we must have recourse to indirect criteria 
of judgment for its explanation. One theory refers it to the relative 
ease of eye movement in the two directions, another to subjective 
influences. But it might also be ascribed to the far greater accuracy 
of judgment (keenness of vision) m the horizontal direction. This single 
instance, theiefore, shows how difficult it is to trace the real conditions 
of an optical illusion, and how wide a field is here still open for ex- 
periment^ investigation. Eye movement may be made to some extent 
responsible for the subjective diffeience in the estimation of distances, 
since upward /ind downward movements imply the activity of more 
than a single pair of muscles (§ 58. 5), and may accordingly be moie 
difficult than the outward and inward movements mediated simply by 
the internal and external recti. And there is the further circumstance 
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that the visual field, whether monocular or binocular and whether for 
the resting or moving eye, has a less extension in the veitical direction 
than in the horizontal. No conclusion can at present be drawn as to 
the relative importance of the two factors.— Different leasons have also 
been alleged foi the apparently greater length of dotted lines as com- 
pared with ruled lines. Some obseivers maintain that the 

Y dots serve (so to speak) as statons for the movement of 
the lines of regaid The eye is detained by them, its 
movement retarded, and consequently the distance passed 
thiough appears longer than when the line can be traversed 
without hindiance. Others bung the phenomenon into 
connection with the analogous estimation of time intervals : 
an interval which is occupied by a succession of separate 
impressions is' talcen to be longer than an empty (uniformly 
filled) mteival Fiom this point of view the illusion would 
be explicable as an instance of the general type of indirect 
judgment in which the number of separate constituents in 
the filling of a duiation or extension is made a measure of 

A lts length. — A very inteiestmg and striking optical illusion, 
which has lately been the subject of much discussion, is 
represented in Fig 9. The line which is bounded by the 
acute angles appears much shorter than the line bounded by 
the obtuse. Some psychologists explain this by the inhib- 

A ition of eye movement in the former figure Others refer 
it to a general rule of optical illusion, — the overestimation 
of acute angles. In all probability, neither of these views 
is correct, for the illusion persists both when the movement 
of the eyes in the opposite direction is artificially assisted, 
and when the angles are leplaced by other figures, e 
\ / by arcs of ciicles. The illusion is, therefore, most probably 

\ / a special case of a general form of mdiiect judgment, the 

Y criteria of which cannot at piesent be elucidated with any 
Pig degree of precision. 

4. {b) Illusions of Direction and Position — Illusions of 

direction which involve the idea of depth are very common. One of 
the most familiar instances is the apparent flattening of the arch of 
the sky at the zenith, with its consequence that the sun ^nd moon 
seem to be larger when on the horizon than when seen directly over- 
head. This difference of size may be partly due tc^^the illusion of 
filled and open spaces, since in moving over the surface of the earth 
towards the horizon, the point of regard must rest upon a greater' 
number of particular objects, and hence this mterrupted distance will 
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seem longer than the empty distance toward the zenith And it may 
be partly due, again, to the density of the atmosphere through which 
the object is seen. This latter hypothesis is confirmed by the fact 
that the illusion passes continuously through all stages from limiting 
value to limiting value The criterion of distance from our own body 
would then be the relative clearness of the objects seen (§ 59. 5) — 
Wrong localisation of direction has been observed in cases of unilateral 
paralysis of the eye muscles Thus, if it is impossible to turn the 
eyes toward the right, but the patient intends to make this movement, 
the objects in the field of vision seem to have suffered displacement 
towards the light. The same effect can be produced artificially if the 
eyes are turned as far as possible toward the left and two laige pieces 
of wax or putty pressed upon 
the right side of the eye balls 
An attempt to move the eyes 
quickly to the right is, of course, 
only partially successful, and 
we again have the illusion of a 
marked movement of the objects 
m the field of vision towaids 
the light This observation has 
led to the very curious theory 
that the will to execute move- 
ments of the eyes is the sen- 
sation of space itself. What the 
observation leally proves is that 
our judgment of the movement 
which the eye actually makes 
is extremely uncertain, and that the mere idea of it suffices under 
certain circumstances to bring about a very considerable illusion 
with regard to change of objective space relations (§ 59. 8). 

5 (f) Illusions of Figure — Illusory perceptions of the form and 

direction of lines are of very frequent occuiTence. Thus two parallel 
lines appear to diverge or conveige when they aie cut at an acute 
angle by cross strokes of opposite diiections, as is shown in Zollner’s 
pattern (Fig. 10). The phenomenon is very striking, and has agam 
been explained in various ways It is usually referred to the over- 
estimation of acute angles (cf. 3 above), which would make the paral- 
lels diverge in,^the direction of the opening of these angles. The 
number of illusions under this head is exceedingly great, but they con- 
sist for the most part m repetitions of the simpler illusions of distance 
or direction which we have already discussed. 




368 


DOCTRINE OF COMPOUNDS: COLLIGATION, 


(d) Apparent Movements, — Certain apparent movements are due to a 
confusion of the movement of an object with the movement of our 
own eyes, or vice versa Thus in railway travelling, where the eyes 
are passively moved with the whole body, near objects, which pass 
quickly across the field of vision, seem to move, while more remote 
objects whose movement across the retina is very slow seem stationary. 
The moon appears to move when clouds dnft across it. This may 
be partly due to the fact that a change m the position of small 
objects is always more readily cognisable than the movement of large 
bodies. Many illusions are attributable to imperceptible eye move- 
ments. Thus the bank of a stream appears to travel backwaids, 
because the lines of regard are involuntarily carried forward with the 
current. Stroboscopic phenomena (the composition of apparent move- 
ments from a quick succession of their separate phases) are caused 
principally by the nse and fall of retinal excitations (§ 24.6). But 
the recollection of the movement, if it be familiar, e,g,^ the galloping 
of a horse, contributes very largely to the sensible reality of the 
whole phenomenon. There are an upper and a lower limit to the 
rapidity with which the representations of the separate phases may 
follow one another; and the apparent movement varies with the dif- 
ference between these phases and the duration of each impression. 
Apparent movement may also arise as the result of a very intensive 
movement idea, perhaps in consequence of imperceptible rotations of 
the eyes. Thus a statue may seem to be alive, to open its lips, to 
smile, to nod its head. The chief reason of the illusion here is 
the associative supplementing of perception (cf. i above). Lastly, we 
may mention in this place the movement after-images or metakmetic 
apparent movements (§ 59 8). They appear after an objective move- 
ment of a certain duration, and consist in an apparently backward 
movement of stationary objects subsequently fixated. These phenom- 
ena may be confined to definite parts of the retina or field of view, 
so that movements of the eyeball cannot be made responsible for 
them. They are more coiiectly regarded as simple after-image 
phenomena. 


§ 61. Theory of Visual Space Perception. 

I. A theory of visual space perception must be based upon the 
epistemological presupposition that the spatial attribute as such is an 
original datum, and that only its subjective conditions can be made 
the basis of a psychological theory (§ 55) This was the position 
which we adopted in our explanation of tactual space perception 
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(§ 57 i)* could not there be brought out in its full force, 

because in normal vision the data of touch are constantly referred 
to the space of sight, and the problem is thereby very greatly 
simplified. No such inference is possible in the case of visual space 
itself The visual space idea is the space idea. Even the space of 
geometry and natuial science is not of an entirely different construc- 
tion, but is simply visual space objectively measured and calculated, 
i e., a visual space conceived of as independent of all subjective 
influences and discrepancies. Science knows no more of a space in 
itself than it does of a space which is a purely subjective form of 
intuition, and the metaphysical notion of the non-spatial mind is no 
more scientifically valuable than the notion of an ariangement of real 
existences in accordance with the appearance of spatial relations in 
the world of things. We cannot attempt to explain the inexplicable; 
we can only seek to assign the reason for the subjective vaiiations 
of the space datum. But the hmits of psychological theory have 
been constantly overlooked; and time and again the psychologist has 
set out on no less a quest than the discovery of the origin of the 
space idea. Now an empirical space theory in the strict sense of 
the term is altogether impracticable If the originality of the space 
datum is once given up, there is not a single fact of visual space 
perception which any theory will be adequate to explain. 

2. Fiom this point of view we shall be unable to accept Lotze’s 
local sign theory in its visual form. In Lotze’s view, the local signs 
which dispose the primarily non-spatial sensations in an apparent 
space order are to be found in the movement sensations which arise 
fiom rotation of the eye. These movements are originally reflexes, 
which serve to bring an impression to the spot of clearest vision 
The nearer the retinal image approaches the periphery, the more 
extensive is the corresponding reflex movement. All these movements 
arouse actual sensations, of indescribable quality, and the sensations 
are utilised by the mind for the airangement of retinal impressions 
in visual space. Many objections may be uiged against this theory, 
apait from the general charge of an incorrect epistemological founda- 
tion. (i) It ovei looks the fact that the most original space determina- 
tion, that of which the eye is capable altogether independently of move- 
ment, is ^tension. The field of vision first seen by the congenitally 
blind after operation,— seen, before the patient has learned to 
put a definite spatial interpretation upon his eye movements, — is 
extended, though the idea of depth is as yet unformed, and the 
various objects which the eye embraces are as yet unseparated from 
one another, (ii) It does not give any local sign at all to the spot 

24 
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of clearest vision, although the spot is certainly not a simple point, 
and although it is capable of more exact local discrimination than 
any other part of the retina, (iii) It lays stress upon movement sen- 
sations; and the movement sensations of the eye are of especially 
doubtful significance. We have seen that they are extremely unreli- 
able as indices of the position or movement of the eye itself (§ 59 8), 
and assuredly we are but very seldom conscious of them under the 
customary conditions of vision Besides which, the movements of the 
head and of the whole body also furnish means for the bringing of 
an impression upon the spot of clearest vision This being the case, 
the complication of movement sensations would plainly be too great 
to allow of the maintenance of an unequivocal arrangement of visual 
space solely by the help of eye movements. 

3 Lipps has attempted to meet these difficulties by substituting 
other local signs for the movement sensations. Neighbouring letmal 
elements, he says, are more frequently excited by similar stimuli, more 
1 emote elements by different stimuli. This fact is the basis of spatial 
arrangement and separation. The hypothesis, however, is not only 
unproved, but unproveable and improbable to boot. We can neither 
conceive of an original total impression in which there should be 
absolutely no separation of the various spatial constituents, nor under- 
stand how a connection should be formed between the qualitative 
difference of the visual impressions and their spatial disposition, so 
delicate in its adjustment and so reliable in the particular case as the 
facts demand. It is true that the datum is a visual total impression, 
whose separate spatial constituents are not cognised or defined as par- 
ticular objects, 2^., whose various qualities are not grouped together 
as individual things. But this does not prejudice their intrinsic spatial 
definiteness ; indeed, it is wholly inconceivable that this spatial 
separateness should be simply non-existent Moreover, if the connection 
between the qualitatively like (different) and the spatially proximate 
(remote) really existed, as it is supposed to exist in Lipps’ theory, 
there would surely be some indication of it in the developed conscious- 
ness, and especially when unfamiliar objects are piesented to perception. 
But we find nothing of the kind in experience (with the exception of 
a trifling effect in the spheie of optical illusion) and statistical theory 
lends no colour to the hypothesis. 

4. Helmholtz practically accepts Lotze’s view, but rejects the meta- 
physical constituents which are so necessary to its^ support. He is 
thus led into a wholly incomprehensible empinsm, which somehow 
makes the muscular sensations arising from eye movement represent 
the space of visual perception. Hering, on the other hand, holds a 
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nativistic view, in which spatial vision is referred to the familiar schema 
of antagonistic nervous piocesses, altered to suit the condition of 
tndimensionality (cf. § 21. 4). Every retinal point has three simple 
space values; a breadth value, a height value and a depth value. Its 
stimulation will, therefore, arouse three ‘space feelings’, each of which 
may be positive or negative in quality. The centre of the retina is 
the zero point of space value m all the three dimensions. A vertical 
line (‘median longitudinal section’) separates the portions of the retina 
with positive breadth and depth values from those with negative; and 
a horizontal Ime (‘median transversal section’) divides the parts with 
positive height values from those with negative. The theory is both 
unphilosophical and unpsychological, and we need not spend time 
upon its discussion. Movement sensations, again, play an important 
part m the theory of Wundt (§ 57. 2). But they are regarded as 
combining with a specific qualitative local signature of the retinal 
elements for the production of visual space, which is accordingly 
conceived of as the result of a synthesis or fusion of the two factors. 
Wundt thus obtains a system of complex local signs, and is thereby 
able to do fuller justice to the facts than was done by Lotze, with 
his simple local signature and its merely quantitative gradation At 
the same time, when we remember the impeifection of our perception 
of eye movements (§ 59 8), it seems impossible to allow them 

the great importance which they are given in these theories. Howevei, 
a final judgment is impossible on the basis of the facts as at present 
known. 

5. With this reservation the author would confess his inclination 
to regal d visual space perception as sensibly and directly conditioned 
by the functions of the retina, and by them alone The part played 
by eye movement in visual perception would then be analogous to 
the part played by movement of the head or of the whole body. It 
would not possess any independent function in space perception, but 
would serve to extend the field of vision, to secure the appropriate 
direction of regard, to effect a quick change of fixation, and in general 
to induce favourable external conditions. On the other hand, the 
unequivocal correlation of definite objects in space with definite retinal 
elements is fully guaranteed by the organisation of the eye, as we 
found a similar correspondence to be by the organisation of the skin 
(§ 57* 5)‘* The essential importance of the separate retinal elements 
for spatial vision<»is clearly evidenced by the facts of metamorphopsia , — 
a distortion of spatial figure due to a pathological migration or separ- 
ation of particular fragments of the retina, the phenomena of which 
are wholly similar to those, observed after the transplantation of 
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fragments of skin. We have no choice, therefoie, but to attribute a 
certain local signature to the various retinal elements, — certain pecu- 
liarities, m virtue of which they attach to themselves definite spatial 
judgments. Here again, the most obvious course is to look upon 
these local signs, not as conscious attributes of the particular visual 
impressions, but as physiological characteristics. Nothing more positive, 
however, can be said about them. 

6. It cannot be denied that this hypothesis is sufficiently difficult 
of detailed application to the facts. One clear point in its favour is 
the dependency of spatial perception upon the place of retinal stimulation. 
We know that the cones, which in all probability are the sensitive 
units of the retina, occur in the greatest numbers at the fovea centralis, 
the spot of clearest vision, and are more and more sparsely distributed 
as the periphery is approached. Here we seem to have an explanation 
of the indistinctness of indirect vision, — the diminution of keenness of 
vision, the micertainty of eye measurement, etc. And here we may 
lefer the special facility of the peripheral retina in the cognition of 
change or movement For if the intervals between the sensitive 
elements are comparatively large, changes in sensation (whether pro- 
duced by movement of an object or by alteration of its luminosity) 
will presumably be remarked more clearly, owing to diminution of 
irradiation. Probably, too, the fall (§ 24 6) of excitation in the 
lateral portions of the retina takes place far more quickly than in the 
central parts, and the peripheral after-images are less intensive than 
the central. At the same time, there are a whole number of facts 
of visual space perception which are very largely due to the operation 
of other than purely sensible conditions' the idea of depth, the 
continuity of the field of vision, a vanety of optical illusions, etc. 
If a distinction may be drawn at all between sensation and perception 
(and we have made no attempt to distinguish them hitherto), it may 
be diawn within the sense of sight. Nowhere is the contrast of 
insignificant qualities and their significant arrangement impressed upon 
us so forcibly as in the domain of vision. Nevertheless, it would 
seem that the difference is always psychologically refeiable to the 
familiar phenomena of sensations as elementary conscious processes, 
and of the connections into which they are brought by their liability 
of reproduction, by fusion and colligation. 

7. We have already remarked that the part played by eye move- 
ment in the formation of the space idea is still a matter of dispute 
There are ' certain phenomena (the influence of the movements of 
convergence upon the estimation of distance in depth, the illusions 
ansing from the intention to execute an impossible movement, etc) 
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which seem to give it a direct significance for sj^atial vision. Against 
this is the fact that eye movements themselves are mcorrectly and 
uncertainly judged A complete theory of visual space perception 
cannot be formulated until the question has received a final answer 

(§ 58 5. 8 ). 

It has sometimes been objected that if visual sensations really 
possessed an ongmal spatial attribute, the insensitive areas between 
the sensitive retinal elements, and the blmd spot in particular, would 
betray themselves in the character of the field of vision. The objec- 
tion may be met m various ways, (1) The influence of associative 
supplementing (§ 60.1) is very great throughout the whole domain of 
visual perception. The filling out of the visual field may, therefoie, 
very well be regarded as due to experience (11) Again, it is only under 
the most favourable conditions that we are able spatially to discriminate 


two luminous points whose images fall upon two contiguous cones in 
the retina. And (111) it is not easy to see how movement sensations 
could be the instruments in the filling out of the field, since its con- 
tmmty for perception is certamly not a continuity of movement.— 
There lemains the view that the space of visual peiception is the 
product of a fusion of retinal impressions and movement sensations, 
in which the sepaiate constituents have combined to produce a new 
result, of an essentially different nature from their own This hypo- 
thesis seems untenable, for the leason that the space of visual per- 
ception IS given introspectively as a direct function of the retinal 
impressions, while movement sensations are entirely different in char- 
acter from anything that we know as a space idea.— We must, there- 
fore, conclude with Stumpf and James, that the retinal impressioi^t ^ 
are from the first endowed with a spatial predicate. 


§ 62. The Localisation of Non-spatial Sensations The 
Perception of the Position and Movement 
of the Body. 


I. Localisation m the strict meaning of tl^e word is possible only 
for sensations originally possessed of a spatial attnbute, z e,^ sensations 
of touch and sight. At the same time, we speak of the localisation 
of impressions, e.g., of smell and heaiing. In these mstances the 
term is evidently employed with a transferred meaning, to indicate 
the relation of< 4 he particular sensations to visual or tactual objects. 
This relation is not a relation of spatial contiguity, but an association, 
in virtue of which more or less definite ideas of sight or touch are aroused 
or reproduced by definite auditory or olfactory sensations, or at least a 
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certain judgment of spatial connection becomes possible.— An attempt 
has recently been made to accredit tones with spatial attributes 
Deep tones are said to be moie voluminous than high tones, and the 
sound sensations of the right ear somehow spatially different from 
the sounds produced by stimulation of the left. But the former 
statement translates a metaphorical charactensation into an objective 
attribute; and the observation that we can disciiminate between 
excitation of the right and left ears by stimuli which are identical in 
all respects but localisation, merely proves that we can discriminate 
their position by some indirect means,— perhaps by aid of the cuta- 
enoub sensations aroused at the same time 

The problem which the localisation of these non-spatial impiessions 
presents for solution is, therefore, simply that of the discovery of the 
relations obtaining between them and the space ideas (judgments) and 
movements which they excite, and, more especially, that of the 
determination of the particular attribute which serves as the mcentive 
to the reproduction (§ 30) of their space references The auditory 
sensations have received by far the most exhaustive treatment, theoret- 
ical and experimental, of all the localisable non-spatial sensations 
We shall, therefore, restrict ourselves m the main to the discussion 
of their localisation. 

2. There can be no doubt that the idea of massiveness and volume 
which is often aroused by deep tones is referable to the facts that 
they are ordmanly more intensive than high tones, and that their 
sound waves occasion a more intensive concomitant excitation in other 
sensitive and resonant parts. Thus a deep organ clang, struck with 
sufficient intensity, seems, as we say, to fill the whole church The 
same facts serve to explain the less accurate localisation of deep tones 
In this particular case, the auditory sensations excite ideas of extension 
or figure; but, as a rule, they also mediate ideas of their distance 
from our own body and of the direction from which they come. 
Here again, the spatial predicates do not belong to the sensations 
themselves, but to their exciting stimuli, the sources of sound Experience 
IS the determining factor in their localisation (= the combination of 
distance and direction; § 55. 4) The fundamental factor in the 
cognition of direction is the distinction of nght and left We do not 
yet know what the criteria of this distinction are; but we may con- 
jecture that cutaneous sensations, concomitantly excited by the different 
sound waves, inform us whether the right or the ll)ft ear has been 
stimulated. Where both ears are concerned, the judgment of direction 
is certainly further dependent to a very large extent upon the relative 
intensity of the two stimulations. If we can dis^mgmsh whether a 
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sound is heard by the right or the left eai (and expeiinients have 
shown that we can do so with a faiily high degree of accuracy) we 
must also be able to say within certain limits whether a sound to the 
right is moie mtensive than a sound to the left, and vzce versa. 
From this point of view it is possible to construct a field of audition, 
the discriinmable directions in which are represented by the discrimi- 
nability of the intensities to right and left There must, however, 
always be two directions within the total field, in which these relative 
intensities are equal, — the directions stiaigh! before and behind us. 
These two directions will, therefore, be especially liable to confusion, 
except in the cases wheie the difference m the absolute intensity 
of the two sound waves (other things equal, the position of the pinnae 
IS favourable to a sound coming from the front, and unfavourable to 
one coming from behind) is sufficient for their discrunination. Expe- 
rience seems to show that a confusion is not uncommon. And 
experiments m which the pinnae were tied back against the head, 
and aitificial pinnae, turned in the opposite direction, placed forwards 
from the external auditoiy meatus, gave the result that sound impressions 
coming from behind were localised in front of the face Moreover, 
the importance of the relative intensity of binaural impiessions is 
attested by the mci eased number of erroneous judgments of direction 
m unilateral heanng 

3 The influence of relative intensity is further evidenced by a 
number of observations upon the localisation of tones, with and without 
beats, when the two ears are simultaneously excited by tuning forks 
of equal or of somewhat different pitch held close before them, or 
by vibrating rods applied to the bones of the head, etc. A single 
tone is heaid, and localised in the head, approximately m the median 
line if the tones to right and left are of subjectively equal intensity, 
and more towards the right or left if the right or left tone preponderates 
in the total impression. Another fact which belongs here is that we 
are able separately to localise two simultaneous sound stimuh of different 
quality with great accuracy The sensible discrimination for direction 
was found by Miinsteiberg to be suipiisingly well developed The 
difference limen in his experiments varied on the aveiage between i 
and 10 cm for a source of sound i m. distant It has been further 
demonstrated that noises are better localised than tones. 

We 'cannot estimate the distance of a source of sound with any 
degree of confidence unless the intensity and quality of the sound itself 
are famihar. Other things equal, intensity of sound is taken as an 
indication of the proximity of the object which produces it. Thus the 
rumbhng of a wagon, the clang of a familiar composition and the 
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tead of an approaching step are all employed as criteria of distance. 
No systematic investigation has been made into the accuracy of the 
mfeience in these and similar instances; but we may conjecture that 
the sensible discrimination for distance is the same with the sensible 
discrimination for sound intensity. We ordinarily regard the judgment 
of distance in general as extremely unceitain, and as based upon purely 
fortuitous ideas in all cases where the noimal intensity of the sound 
heard is unknown. Certain recent observations, however, show that 
it possesses a qmte unexpected accuracy. In any event, the capacity 
of localisation is probably extremely diffeient in different individuals. 

4. The foregoing statements have laid down the lines upon which 
a theory of auditory localisation must be elaborated The incentives 
to the reproduction of the spatial predicates of extension, direction 
and distance, whether by way of judgment or visual idea or move- 
ment, will be (a) certain peculiar attnbutes of deep tones as con- 
tradistinguished from high, (|3) concomitant tactual excitations of the 
two ears; (y) the relative intensity of the unilateral auditory sensations; 
(^) a defimte recollection of the character of the tones or noises heaid; 
and (fi) the colour of the clang or noise (§ 14 4) This list of incen- 
tives to reproduction brings the problem of a theoiy of auditory 
localisation under the more general question of the conditions of the 
reproduction of ideas (cf. especially § 30). 

We must, however, note before we leave the subject that a quite 
different theory of auditory localisation has been proposed by Preyer 
and Munsterbeig. In the opimon of these authors we deteimine the 
direction of a sound by the help of the semicircular canals. Preyer 
regards the mediation of a 'feelmg of the direction’ of a sound as the 
specific energy of the nerve endmgs in the ampullae (§ 23. 5). The 
discnmmable directions of sound correspond to diffeiences m the 
intensive excitation of the individual canals. Munsterberg^has ijiodiiied 
. this hypothesis: he does not posit 'feelings of direction’ as the diiect' 
correlates of stimulation of the canals, but thinks that their stimula- 
tion releases refiex movements (or impulses to movement) of the head, 
which serve to turn it in the direction in which ,the source of sound 
is brought immediately before the eyes. The muscular sensations thus 
excited afford the means of localisation. But {a) this assumption 
seems to be altogether superfluous for the explanation of the facts, 
while (b) therfe is a positive objection to be urged against "it, — that 
the assumed unequivocal relation between directions sound and the 
relative intensity of particular stimulations of the canals is altogether 
inconceivable. As the sound waves are always propagated to the 
labyrinth in the same way, it is difficult to see how they can eXcite 
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this or that ampulla, according to the direction from which they come 
(^•) Moreover, the theoiy cannot explain the different localisation of 
simultaneous auditory stimuli. 

5. Not much can be said of the localisation of other sense im- 
pressions. Gustatory stimulation, e always occurs together with a 
stimulation of the cutaneous sensibility, so that we know nothing of 
the spatial chaiacter of gustatory sensations as such. It is noteworthy, 
however, that the space relations of the different gustatory stimuli 
are very diffeiently interpreted in sensation. A bitter taste spreads 
with great rapidity over the whole of the buccal cavity; a weak 
stimulation of this quality at a definite point of the tongue radiates 
at once over the entire sensitive area. Stimulation by the other taste 
qualities seems, on the contrary, to retain its local distinctness for a 
comparatively long time. — No accurate observations have been made 
of the localisation of olfactory sensations. If we may judge by the 
conditions which govern olfaction, the cognition of the duection from 
which the olfactory stimulus comes will require the aid of movements 
of the head or body, and the only criterion of localisation will be 
the mtensity of the sensation itself — The organic sensations are 
ordinarily localised at the place of their peripheral excitation. Thus 
the muscular, articular, and tendinous sensations ai;e referred to the 
different parts of the body at which their sense organs are situated, 
hunger is placed m the stomach, thirst in the pharynx, etc. Physiology 
brings all these phenomena under the law of eccentno projectio^i^ 
which states that all cutaneous and organic sensations are localised 
at their peripheial source of origm. But it is evident that this is no 
exception to a general rule obtaining in other sense departments. 
Localisation of any contents consists m its associative connection with 
the visual image of the place of stmulation. Thus, auditory impres- 
sions are referred to points in objective space; cutaneous impressions 
to the visible cutaneous areas subject to touch or pressure; organic 
sensations to the parts of the body (less defimtely conceived of, 
because mvisible) in which the excitatory process is set up, etc 
Reproduced sensations are localised in the same way; and it is, 
therefore, not sUrprismg that pam is sometimes sensed in an amputated 
limb. All these localisations take shape m the course of experience, 
unless the localised sensations possess an original spatial attnbute. 

6. We may ^nclude this Section with a few brief remarks upon 
the perception ^ the position and movement of our own body. We 
have already mentioned (§ 23) that the semicircular canals and ves- 
tibule of the labyrinth constitute an organ for the maintenance and 
regulation of the bodily equilibrium. But we were compelled to 
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leave it uncertain whether this reflex activity has a direct sensory 
correlate, and were unable to decide, in paiticular, whether giddiness 
may be looked upon as a common sensation originated in the 
internal ear In the author's obseivation, the position of the body is 
inferred, when the eyes are closed, simply from cutaneous and arti- 
cular sensations. Stimulation of the canals may possibly serve to 
determine the judgment of position indhectly, as implying the 
stimulation of particular muscles to moie intensive function The 
important part played by the head in orientation is natural, when 
we remembei that it cairies several sense organs, and moie especially 
the eyes The judgment of the position of the body is based upon 
a number of ideas of the position of its various parts It is somewhat 
different with the perception of a passive movement of the whole 
body. Here the position of its various parts is constant, and we 
cannot, therefore, infer that we aic moving, fiom the relative positions 
of the limbs Now it is an established fact of frequent observation 
that movement is imperceptible as long as its velocity is uniform, or 
even if it is subject to uniform acceleration. On the other hand, 
the beginning or cessation of a movement, or a positive or negative 
acceleiation of a given velocity, is remarked at once It seems 
reasonable to explain these phenomena by the hypothesis that in every 
case there is either a change in the position of the limbs, caused by 
the inertia of the mass of the body, or (if that is not possible) a 
change in the pressure sensations pioduced by contact with surround- 
ing objects. Thus, if the carriage in which we are riding is suddenly 
stopped, the upper part of the body falls forward; and if we are 
sitting with our back against the cushions, we receive an intensive 
pressure from behind when it starts again Most of our ideas of the 
movement of the whole body will certainly be referable to similar 
changes of sensation in its different parts Movement after-images 
like those which occur in visual sensation (§ 6o. 5) are veiy distinct 
in these cases, and again take the form of apparent movements in the 
opposite direction, appearmg on the cessation of an objective movement 
which has been continued during a considerable time. Judging from 
all these facts, we find no reason to believe that the organ which sub- 
serves the maintenance of the bodily equilibrium mediates spatially 
mterpretable sensations. We do not as a matter of fact localise any 
such sensations within the labyrinth of the ear;vand, in particular, 
there are no noticeable differences of sensation^' con elated with 
different positions or movements of the head At the same time 
we freely admit that no final decision of the point is at present 
possible. 
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Chapter II. The Temporal Attributes and Relations of 
THE Elements of Consciousness 

§ 63. Prefatory Remarks. 

1, With the modem advance of epistemology has come the con- 
viction that time, like space, is an original datum of our experience. 

We have given this fact its place in psychology by piedicatmg an 
elementary tempoial character of sensations and feelings, and recognising 
duiahon as a univeisal attiibute of both, co-ordinate with quality and 
intensity To duration must now be added ceitain other definitions 
of the temporal lelations of sensations or feelings All these contents 
possess a temporal position, an earlier or later place m the succession 
of conscious piocesses, and recur at a certain frequency, i,e,, bear, as 
particular durations of a senes, a determinate 1 elation to its total duration 
To these might be added a predicate which stands to duration as spatial 
distance to spatial extension, — the interval, or temporal distance inter- 
vening between one process and others. As a matter of fact, however, 
this term is really identical with duration, it does not signify a tem- 
poral determination as such, an ‘empty’ tune, but always the duration 
of something. The only difference is that when we use the word 
‘duration’ in its strict sense we can refer to a definite process as the 
substrate of the temporal attribute, whereas the word ‘interval’ leaves 
it entirely indefinite what durations fall within the time limits. But 
the interval Eas be^ given the preference over duration in the psy- 
chology of time^mth as perplexing results as follow from the preference 
of distance over extension m the psychology of space (§ 55. 5) 

2. To determine the quality, intensity and spatial characteristics of 
sensations we have to rely on the subjective methods of sensitivity and 
sensible discrimination. Duration, on the other hand, may be measured 
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by objective procedures, (i) The first of these, which is based upon 
the fact that duration always stands in a certain lelation to fiequency, 
and vice veisa, we may call the method of freqzmicy. If n sensations 
are given in succession, and T is the duiation of the whole series, the 
duration of each separate sensation, may be calculated fiom the 
T 

equation t = — . The use of this method presupposes (a) tlie similaiity 

of the individual successive sensations, and ((?) a sufficiently laige 
number of teims to reduce the objectively incalculable time for the 
rise of the first sensation and the fall of the last to a negligible quan- 
tty. It might be uiged against the method that it simply gives a 
certain minimal duration of sensation, since the tempoial course of 
each impression in a senes which stands upon the bordei -line between 
temporal separateness and qualitative fusion must always be represented 
in a moie or less curtailed form m the results. But this circumstance 
hardly comes into account for the comparison of sensations from differ- 
ent sense departments, or of different qualities and intensities within 
the same sense department; and here the method of frequency has 
proved to be a valuable instrument of psychological analysis (2) Another 
objective piocedure for the determination of the duration of conscious 
processes is the method of reaction. The time elapsing between a sense 
mipiession and the execution of a definite movement, previously agreed 
upon, in direct response to it (reaction) is termed the ‘simple reaction 
time’. The duration of the whole process can be accurately measured 
by the aid of appropriate instruments If a further mental act (cog- 
nition, choice, association) is interpolated between impression and 
movement, this duration is increased. Provided that no extianeous 
cause interfere to protract the experiment, the duration of the particular 
act may then be obtained by subtraction of the shorter time of the 
simple reaction from the longer time of the ‘compound’. —It is plain 
that the validity of this method depends upon the correctness of the 
implied assumption that all the part-processes^ of the simple reaction 
recur in the compound with their original temporal attributes unchanged 
In the author’s opmion, this assumption is not justified The reasons 
for his opinion will be given in detail later (§ 70). 

3. Many investigations have been undertaken into our estimation 
of intervals. (1) Attempts have been made measure the least 
noticeable interval between two successive stimuli^ 2 <?,, to determine 
the temporal sensitivity. But the results may equall3?well be explained 
as the values of a just noticeable succession of impressions. Indeed, 
since the object of the experiments is the simple discrimination of 
two impressions, and mistakes are often made as to their temporal 



§ 63 * PREFATORY REMARKS: TIME. 


381 

position, we may conjecture that in many cases the recorded judgment 
IS not even a judgment of succession, but only of the separateness 
(duality i) of sensations. In other words, we have a recun ence of 
precisely similar difficulties to those which we found attaching to the 
determination of the space limen in the sphere of tactual perception 
(cf. § 56 i). (11) Numerous experiments have been made upon the 

sensible discnmination of intervals. But here again, the deteimining 
factor in the judgment of small intervals is in all probability the per- 
ception of succession, and not the peiception of duration Unfortu- 
nately, no comparison of tlie duration of sensations has as yet been 
instituted, despite its eminent desirabihty. The perception of temporal 
position has been investigated by experiments upon the apparent 
temporal displacement of disparate sense impressions. These experiments 
seek to tiace the conditions under which simultaneity is apprehended 
as succession, and vice versa Little has been done so far toward the 
explication of the circumstances under which the perception of frequency 
is possible. Here belong in particular certam observations of the hange’ 
of consciousness Their purpose is to ascertain the greatest number 
of successive sound impressions which can be directly compared with 
other similar groups of sensations. 

4, These remarks may suffice to indicate the range and character 
of the contributions made hitherto by the experimental method to 
the psychology of time, t <?., to the defimtion of temporal attributes 
and relations. We proceed now to analyse the various forms of the 
temporal judgment in greater detail : the analysis will assist us in our 
criticism of these researches, and will bring into relief the problems which 
the subject presents. The duration of a process can be defined only 
by its magnitude^ whether we are dealing with the least noticeable 
time or the comparison of longer times The same is true of the 
perception of interval, in all cases where its direct determination is 
attempted. Temporal position, on the other hand, can not only be 
brought under the geneial categories of simultaneity or succession, but 
may be specially investigated under the heads of direction and rapidity 
The judgment of direction of a succession takes the form of ^before’ 
and ‘after’, ‘eailiei’ and ‘later’. Its rapidity is measured by the 
magnitude of the interval elapsing between the successive impressions 
and the dmation of the impressions themselves. In the case of fre- 
quency, the most^^j^^mplicated temporal judgment, we have to determine 
the number of 4uccessive processes and the period in which similar 
sections of the total time recur, besides this total duration itself, the 
direction and rapidity of the succession, the magnitude of the interval 
between impression and impression, and the duration of the separate 
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impressions. It follows at once from this siuvey of the various temporal 
judgments that duration is the simplest temporal predicate It may 
appear as the attiibute of a single conscious process, while the judgment 
of temporal position or fiequency presupposes the existence of two or 
more conscious processes. We do not mean, of course, that the 
judgment of duration must, therefoxe, necessanly be the most onginal 
m the psychology of time, z e , that it is chronologically prior to all 
the others and is the foundation of any one of them in the particular 
case. We believe, on the contiaiy, that all the different kinds of 
temporal judgment which we have mentioned — duration or interval, 
direction and rapidity of succession, number and penod — are capable 
of an equally direct or immediate application. 

5. The most favourable conditions for the investigation of the vari- 
ous temporal judgments will obviously be those which best admit ot 
their isolated formulation. Especial care is needed m the selection of 
such conditions, since the temporal judgments, as applicable to all 
contents alike, stand m the most diverse relations to the co-ordinate 
conscious attributes and to one another, and we aie consequently only 
too liable to judge of temporal chaiacters mediately or indirectly, by 
the help of ceitain empiiical criteria. A particulai reason for this 
liability is the fact that in everyday life we are ordinarily called upon 
to estimate or compare considerable lengths of time, which must, of 
course, be judged by reference to secondaiy criteria. The experiments 
published hitherto have unfortunately paid but httle regard to the 
different possibilities of judgment; there has been a regrettably strong 
tendency to consider objective time relations as the natural objects of 
subjective apprehension One of the consequences of this attitude 
may be mentioned, for the sake of illustration. Until quite recently 
it had passed altogether unnoticed that the basis of comparison in a 
quick succession of three sound stimuli is not the duration of the 
small intervals which they mark off, but the rapidity of succession of 
I and 2 and of 2 and 3 (§ 65. 3 ff') We now know that the obser- 
vations made with these small times cannot be compared with those 
of longer times, m which the duration of the interval as such affords 
the material of estimation This and similar confusions render the 
task of exposition exceedingly difficult. In certain cases it is quite 
impossible to discover what the object of judgment actually was. 

§ 64. The Duration of Sensationfe:^ 

I. The method of frequency has been employed for the determina- 
tion of the duration of cutaneous, auditory and visual sensations. 
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(^z) T/ie duration of cutaneous sensations — Various forms of the method 
have been used in this connection Intermittent stimulation has been 
given by means of a toothed wheel held during rotation against a 
fixed point of the skin, by the application of a tongue attached to a 
vibrating tuning fork, etc. At a high rapidity of succession, these 
stimuli fuse to a unitary sensation The question is, at what limit of 
rapidity the separate impressions can be still just cognised as succes- 
sive. Some observers place this limit at 20 to 30 contacts, others at 
500 to 1000 in the r sec. The wide divergence of result is partly 
due to the different intensity of the stimuli employed, — a factor of 
very considerable influence But another and yet more important 
reason is the utter discrepancy between the objects of the different 
investigations, the high numbers marking the limit between roughness 
and smoothness, the lower that between a perceptible and imper- 
ceptible succession of the separate impiessions. The latter (20 to 30 
stimulations m the i sec.) may perhaps be made the basis of a 
determination of duration. We should then have a duration of ^ 
to sec. for pressure sensations of moderate intensity. The value 
seems to be much higher in the case of temperature. It has been 
found that tempeiature impiessions are temporally just discriminable 
if they occur at the late of about 2 m the i sec. 

2. {b) The duratioii of auditory sensations — A very simple musical 

expenence serves to show that deep tones have a longer duration 
than high tones In a tnll upon two notes in the lower region of 
the scale it is quite difficult to distinguish the succession of tones; in 
the higher region they aie very distinct. The trill is generally said 
to compiise some 10 to 12 impressions in the l sec.; but there 
can be no doubt that the number may rise to 20 m the case of a 
practised perfoimer Accurate experimental investigation shows that 
the duration of tonal sensations steadily decreases with rise of pitch. 
The C of 64 vibrations lasts ^ sec ; the c of 128 vibrations sec ; 
and the of 1024, y|-0- sec This lesult is confirmed by obser- 
vations on the rate of succession at which beats are still disci iminable. 
In the lower portion of the scale they are imperceptible as separ- 
ate impiessions at 16 to 20 in the i sec., while in the higher region 
the limit is variously given from 60 to a considerably larger number 
Here again, howevei^he discrepancy is probably due to the absence 
of any shaip ot distinction between just noticeable succession 

and just noticeaDle harshness or mtermittence As regards simple 
noises, we have the statement that two electric sparks are j'ust distin- 
guishable at an interval of sec. It is impossible to draw'" any reliable 
mference from this fact to the duration of the sensations themselves. 
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3. (c) The dwation of visual sensations , — The numerous researches 
which deal with this subject differ so widely in object, method, and 
technique, that they do not admit of any stiict intercompaiison. In 
most cases, investigation has been carried out by the aid of rotating 
discs, composed of white or coloured sectors. But very little fami- 
liarity with the expeiiments is sufficient to show that the just notice- 
able succession is largely dependent upon the brightness of the sti- 
muli employed foi its determination and upon the difference between 
their brightness and that of the visual intervals which separate them. 
Thus a disc of black and white sectors must be rotated more lapidly 
by daylight than by lamplight, for the production of a subjective 
mixture of the two brightnesses. On. the other hand, it has been 
found that while the brighter sensations have a longer absolute dura- 
tion than the darkei, they are subject to a more rapid decrease in 
brightness. Again, the duration of a sensation in mdirect vision is 
longer for the same stimulus than its duiation in direct vision; a fact 
which accords very well with the greater intensity which must be 
attributed within certain limits to peiipheral retinal stimulations (cf. 
§ 18. 6). Nothing positive can be said at present of the influence of 
brightness and saturation upon the duration of sensations of coloui 
tone The question of duration is further complicated in the sphere 
of vision by the vividness of the after-sensations, whose duration is 
dependent upon the intensity, duration and extension of the stimulus, 
and upon the character of its surroundings (§ 20 2). The after-im- 
age produced by an intensive excitation may last for several minutes. — 
It is clear, then, that no very certain statement can be made as to 
the duration of visual sensations. Putting the different results together, 
we may, perhaps, estimate it at sec. without negative after-image 
We have already briefly referred to the numerous investigations into 
the rapidity of the rise and fall of visual sensations (§ 19. 5). 

4. A theory of all these processes is evidently given with the 
assumption of a difference of physiological conditions for the different 
sensations The transmission of stimulus will certainly be far more 
quickly mediated when the skin is subjected to a mechanical pressure, 
than when it is exposed to the influence of heat or cold ; and we 
may reasonably suppose that the elastic tissue will show but little 
after-effect of the impact, whereas thermal chafes can disappear but 
slowly m such a bad conductor as the epidermis^The cordparatively 
long duration of the visual sensation will not suiprise us, when we 
remember that the process of stimulation is in all probability chemical 
in character (§ 21. 2); both decomposition and reparation of the sen- 
sitive substance will require a relatively long period of time. The 
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cransmission of stimulus in auditory sensation, on the other hand, is 
again purely mechanical, and therefore, we may imagine, quickly 
begun and quickly ended. We conclude, then, that all these differ- 
ences in the duiation of sensations are the results of purely peripheral 
causes, brought about by the special conditions of stimulation in the 
various sense departments. — The rapidity of memorial images appears 
to be precisely similar to that of the peripherally excited sensations 
In the voluntary repioduchon of successive ideas, however, the rate 
of advance is more slow. This is probably due to the necessary 
oscillation of the attention between term and term. The rapidity of 
succession of the separate independent ideas in a train of thought 
(in which there is no reproduction of a totality of successive impres- 
sions as such) is similaily much more slow, and, therefore, the dura- 
tion of each idea much greater, than m the series of simple sensations 
Experiments give about f sec. as the time required for the transition 


from one idea to the next. 

§ 65. The Estimation of Intervals. 





I , Investigations into the estimation of intervals fall into two 
series, the first dealing with least noticeable times, and the second 
with the sensible discrimination for intervals. We will discuss the 
former under the heading of ‘temporal sensitivity,’ and the latter 
under that of ‘ temporal sensible discrimination ’ : the rubrics are con- 
veniently brief, although the use of terms is not strictly accurate 
(§ ^ 3 - 3)* (f) temporal sensitivity , — The fact of most importance 

here is the dependency of the times found for the just noticeable 
interval upon the nature of the limiting impressions. Exner discoveied 
that the just noticeable interval between two successive visual im- 
pressions (electric sparks) given at the spot of clearest vision amounted 
to 44 « 5 ‘. Experiments made under slightly different conditions in 
indirect vision put the just noticeable inteival at 49<?. If the stimuli 
excited different parts of the retina, central and peripheral, they were 
temporally just discriminable with a separation of 76<y, If the light 
sensation was produced by electrical stimulation of the optic nerve, 
the interval fell to i 6 c The evidence furnished by these figures 
of the dependency ^ the just noticeable interval or just noticeable 
succession upon ^<^eripheral stimulation is plainly parallel to that 
afforded by the values quoted in the previous Section of the same 
dependency in the case of duration (§ 64. 4) The lengthening of 
the interval with stimulation of different parts of the retina, however, 
seems to indicate that central conditions of apprehension are also 

25 
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concerned in the results. — Similar relations are found to obtain in 
other sense departments Thus Exnei discovered that the least no- 
ticeable interval elapsing between auditory impressions was zg for a 
Single ear, but rose to if the two stimuli were sepaiately conducted 
to the two ears. 

2. If the intervals are limited by disparate sense impiessions, 
these two principles •— the duration of peripheral stimulation and the 
apprehension of the two sensations — cross each other in various 
ways Thus when a visual (electric spark) and an auditory stimulus 
(stroke of a bell) were given simultaneously, the auditory impression 
was sensed before the visual, in consequence of the more rapid 
transmission of the stimulus process in the labyrinth. When the 
same stimuli were given successively, the just noticeable interval was 
i6off in the ordei visual-auditory, but only 6off in the order 
auditory- visual. The difference was less if an electiical cutaneous 
stimulus was substituted for the bell stroke All these observations 
are m complete accord with the experiments on the detcimination 
of duration by the method of frequency, as regards the relations of 
peripheral stimulation. Still fuither confirmation is denved from the 
occurrence of similar temporal differences in the simple reaction (cf 
§ 69) Other things equal, a reaction to auditory stimuli occupies 
about iioff, a reaction to touch approximately the same time, and 
a reaction to sight about 2oo<y The figures show, once more, that 
different times are required for stimulus-transmission in different sense 
departments. — The other influence which we can trace m the expe- 
rimental results — the effect of local or modal separation of the im- 
pressions upon the cognition of an interval between them— is of 
greater psychological interest. This influence is so considerable and 
its manifestations so similar that we are able on the one hand to 
sepal ate it sharply from the peripheral factors and on the other 
to refer it to a single psychophysical cause It may be looked upon 
as a special instance of the general rule that our cognition or 
judgment of definite relations, differences or attributes is easiest and 
most certain when they are the sole objects of observation. Thus, 
it is very difficult to cognise a difference of intensity, as between 
two different qualities. We must leave it undecided whether the 
phenomena are due to an unavoidable distraghon of the attention, 
or a simple inhibition of reproduction. In cond^pn we would again 
emphasise the fact that the object of judgment m many of these 
experiments upon 'intervals’ was very probably the just noticeable 
succession or even separateness (duahtyg of the sense impressions 
(cf. § 63. 3). 
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3 (6) The temporal sensible dtsctiminaiion , — It is customary at the 

piesent time to use the expression time sense with exclusive reference to 
investigations into the temporal sensible disciimination. Now in the 
first place this name is as misleading as the terms ‘space sense’ and 
‘sense of locality’, and should, therefore, be discarded; and in the 
second, the implied restriction of the time judgment to one sharply defined 
problem is very undesirable (cf. § 55. 5). A more special objection is 
that the inclusion of ail judgments of interval under the general 
rubric of sensible disciimination for temporal magnitudes has been a 
serious obstacle in the way of a thorough psychological analysis. 
(1) The temporal judgment has three essentially distinct forms; one 
with ‘smair intervals up to about 0.5 sec., another with ^moderate’ 
intervals between the limits 0.5 and about 3 o sec., and yet another 
with ‘ laiger ’ intervals beyond 3 o sec. In estimating the very smallest 
times we do not compare the magnitude of two intervals, but the 
rapidity of succession of two pairs of impressions (§ 63. 5). In estimating 
moderate intervals we really compare the time-lengths themselves. 
Neither method is ordinarily applicable to large intervals, and we con- 
sequently make our estimation of them by indirect means,— by the help 
of a subjective revival of the limiting impression, or of the contents 
of the time as it passes (phases of respiration or what not), etc. It 
IS plain that these three different cases are not by any means co- 
ordinate. (11) Again, our estimation of small intervals in particular 
IS liable to be modified by certain phenomena of rhythm, which give 
rise to definite temporal illusions and thus to definite variation of 
the temporal judgment. These various factors have not as yet been 
satisfactorily isolated ; and the summarising of the experimental results 
is consequently attended with extreme difficulty. 

4. The methods employed to test the temporal sensible discrimi- 
nation are those of minimal changes (m the strict sense ; § 7. Ill ), 
right and wrong cases (as applied to difference determination; § 8 I), 
and average error (§ 8 II.). A determination of the constant error 
has been attempted, besides that of the absolute and relative sensible 
discrimination* This constant error is indicative of an overestimation 
or underestimation of the standard time. The investigation of sensible 
discrimination has usually been undertaken with a view to the for- 
mulation of its depejvdency upon the magnitude of the times compared. 
Auditory impressions have been almost exclusively used as limiting 
stimuli, owing to their short duration and rapid rise and fall. The 
dependency of our estimation of intervals upon the quality of the 
limiting stimuli, however, has also been made the subject of expen- 
mental inquiry. 
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The following facts appear to have been established. The absolute 
sensible discrimination reaches its maximum both of magnitude and 
delicacy at an inteival of O’ 3 sec., where the absolute difference 
limen for a highly practised observer amounts to about 3or The 
decrease of the absolute sensible discrimination with higher time 
values seems to take the foim of a constancy of the relative sensible 
discnmination ; 2.^, estimation is made in accoi dance with Weber’s 
law. But neither the fact itself nor the interpretation of the fact is 
as yet quite certain, since judgments beyond the 03 sec limit are 
not by any means necessarily based upon a pure duration estimate. 
The course of the constant error shows that, upon the whole, small 
times are overestimated and large times underestimated The limiting 
value, an interval of 05 to 0*6 sec, has been teimed the tnUrval of 
indifference^ and is, of course, characteiised by an approximate o- value 
of the constant error. It has further been found that the underesti- 
mation of large times is subject to a peculiar periodicity ; the constant 
error, while it increases with increase of the interval, sinks to a 
relative minimum at each simple multiple of the interval of indiffer- 
ence, We may remark that all these determinations of the constant 
error were made with the first interval as the standard time And 
we must not omit to mention that the interval of indifference has 
been assigned quite different positions (0*5 to 3 5 sec.) by different 
observers. 

5 It is only quite recently that an attempt has been made to 
formulate the various psychological conditions of the estimation of 
intervals, (i) Judgment of small times, where the leal object of per- 
ception is the succession of the sensory impressions, is, of course, 
very largely dependent upon the character (quality, intensity, duration) 
of these impressions themselves. Two objectively equal intervals, 
limited respectively by visual and auditory stimuli, are differently 
estimated, the visual time (if we may use the expression) appearing 
smaller than the auditory. Again, a visual time in indirect vision 
seems considerably longer than the same time in direct vision And 
again, an interval which is limited by two more intensive sound im- 
pressions is taken to be shorter than an objectively equal interval 
bounded by weaker stimuli. AH these observations illustrate the 
dependency of the temporal judgment upon piftyely sensory condi- 
tions,'— the relative apparent duration of the limiting i^ressions. They 
are in complete accord with the determinations of the duration of 
sensations by the method of frequency (§ 64). We must, accordingly, 
suppose that the difference of the subjective interval, with strong and 
weak sound impressions, with visual and auditory stimuli, and with 
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direct and indiiect vision, is due to the differ ence of duration of the 
limiting sensations. In other words, the results are not to be referred 
to a ‘deception of judgment’, but to a simple incongruity between 
the objective times and the times given in sensation. 

(2) Another factor m the comparison of intervals, of a different 
order from the foregomg, is the influence of rhythm, (a) It is a 
curious fact that the involuntary rhythmical apprehension of stimuli 
is confined to auditory impressions. (|?) The rhythmical division can 
be effected in a variety of ways: by objective alternation of intensi- 
ties or qualities of the impressions, by the temporal dissociation of 
two successive terms of a stimulus series, by their different localisation, 
or by a purely subjective emphasis or ‘accentuation’ of a particular 
impression. The general result of rhythmical division is the production 
of ^ a time fringe^ a subjective lengthening of the intervals lying 
before and after the accented impression. There can be no doubt 
that the alteration of the temporal judgment in this case must be 
referred to some more general condition than that just discussed (cf. 
the factors which determine temporal sensitivity; § 65. 2), 

6 (3) The judgment of time intervals appears to be further dependent 

upon their aesthetic impression. If this is the case, we must lecognise 
an influence of agreeableness and disagreeableness upon the estimation 
of the temporal attributes or relations of sensation, which is only 
paralleled by their mfluence upon spatial judgments (cf. § 34. 3). 
(4) Again, the smallest times Q,xe appiehended directly, in a single act 
of perception, whereas two moderate times given in immediate succes- 
sion are perceptible as distmct intervals. Time memory, 2 e,, can play 
but a small part in the former judgment, while it is plainly implied 
in the latter (5) And lastly, the estimaton of intervals from moderate 
times onwards is in great measure dependent on the character of their 
contents. This is sufficiently shown by the empirical criteria of lapse 
of time employed in ordinary life. The greater the number of different 
occurrences which have taken place withm a given period of tune, the 
longer do we take it to have been Our ordmary measure of the length 
of time, i,e , is the number of impressions which it comprises. This 
fact stands m apparent contradiction to another fact of common ex- 
perience, — that time passes more quickly (the given penod is judged 
to he smaller) when^t includes a variety of expeiiences than when it 
IS ‘empty’. But^^the contradiction is only apparent, and disappears 
when we remember that the contents of the period in the latter instance 
entirely divert the attention from the passage of time and diaw it upon 
themselves. If the content processes are of a monotonous or uninterest- 
ing character the time seems to pass very much more slowly (the 
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period is laigely over estimated) Heie again, then, we have a condi- 
tion of temporal estimation in general, 

7. It follows from this discussion that a theory of the direct judg- 
ment of tune interval must begm with a distinction between special 
and general conditions. The formei need hardly be discussed further. 
We may sum them up in the general proposition that all the peri- 
pheral factors which produce a change m the duration of sensation 
serve at the same tune to lengthen 01 shorten an interval limited by 
sense stimuli. The question of the nature and relative importance of 
the general conditions is more difficult to answer, (i) We may cer- 
tainly give attention the fiist place m the hst; but in doing so we are 
only setting a problem in psychological analysis, of which no satis- 
factoiy solution has as yet been given, (ii) Expectation and surpiise 
have been suggested as the basis of the tempoial judgments ^greatei ’ 
and ' less But while there can be no doubt that these emotive states 
are to some extent involved m the formation of the judgments, it must 
be pointed out that their influence is at best of a purely secondary 
character, and that it is wholly inadequate to the explanation of a 
large number of the facts of temporal sensible discrimmation. Thus 
(a) the attempt to reduce the overestunation of small and the under- 
estimation of large times to terms of expectation and surpnse (as 
appearing earher m the first case and later in the second) has proved 
altogether unsuccessful (( 3 ) Moreover, sensible discrimmation reaches 
its maximum with the smallest times, i under conditions where it is 
admitted that the two emotions are hardly remarked at all. And lastly, 
(y) there seems to be no unequivocal relation between them and the 
judgments ‘greater’ and ‘less’. We may be surprised, eg ^ that an 
interval lasts too long ; and we need not expect that the second interval 
will be similar to the first, — expectation is not necessarily directed 
upon (predisposed for) equality of the stimulus times. We are, there- 
fore, led to the conclusion that these factors are not general conditions, 
but occasional and indnect ciiteria of the time judgment, (iii) Again, 
an exaggerated importance for temporal estimation has been attributed 
to strain sensations. — There is a fundamental objection to all theories 
of this kind: their holders regard the temporal character of conscious 
processes not as something originally given, but as superinduced upon 
them by muscular sensations, the adjustment of 4 iie sensory attention, 
etc. Such a view is as inconceivable and as epistemologically mistaken 
as IS the strictly empiustic theory of the space idea (§ 57. 10). 

8. It must be left to futme investigators to define mote specifically 
the processes which we have teimed ‘general conditions’ of temporal 
estimation. The effect of attention upon the temporal judgment, 
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however, may be inferred with some degree of probability from its 
influence in other connections Two points in particular may be 
mentioned, (a) Every attnbute of a conscious process is enhanced 
in the state of attention, quality becomes clearer, intensity more 
vivid, extension and duration larger. And this enhancement is appa- 
rently proportional to the concentration of the attention, so that the 
degree of concentration is correlated with a certam degree of change 
of the four attiibutes. (j?) Every relation between conscious processes 
IS made closer, stronger, and more evident in the state of atten- 
tion. The associability and reproductivity of sensations are increased, 
all lends of difference between sensations become more distinct, etc 
We may conclude from these facts (i) that, other things equal, the 
apparent length of an interval is directly proportional to the concentra- 
tion of the attention upon it, and (ii) that the distinctness of a temporal 
difference in consciousness, i e.^ its apparent magnitude, increases with 
attentive observation of its own nature or of the nature of the impres- 
sions which constitute it. Any thing which hmdeis or diminishes the 
concentration of the attention upon an interval or a temporal difference 
must also reduce the apparent duration of the time, and decrease the 
delicacy of the temporal sensible discnmmation Now it is extremely 
difficult to hold the attention upon the time as such even in inter- 
vals of 3 to 4 secs , and almost impossible with longer times. The 
observation presupposes that consciousness is kept persistently empty 
of contents; and to effect and maintain the inhibition of mcommg 
contents requires a very considerable effort This effort manifests itself 
in an intensive common sensation, which can plainly be employed 
for purposes of temporal estimation, — its intensity affording a direct 
measure of the lapse of time If the effort is relaxed (it is ordinanly 
shown in attentive observation m the general attitude of the body 
and the adjustment of the sense organs, cf. § 75. 2), t,e,^ if exhaus- 
tion sets m, the attention is at once diverted from the exclusive object 
of perception, and other contents and relations begin to force their 
way into consciousness. This analysis is supported by the fact that 
the comparison of longer tunes than those mentioned (half a minute 
and several minutes) is not only characterised by an /extreme fluctua- 
tion of sensible discrimination, but has also given a second reversal 
of the constant erroje* 2.^, an ovei estimation of the standard time. 

We are able in this way to explain the underestimation of laige 
times ; but we have not yet accounted for the overestimation of small 
inteivals. Nothing is gamed from the analogy of the overestimation 
of small spatial distances, or from an appeal to the special (peripheral) 
conditions of rapidly recun ent stimulation. The comparison of sensations 
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of corresponding dui*ation will perhaps help towaids the estabhbhment 
of a definite theory. 

§ 66. The Perception of Temporal Position and of Frequency. 

1 . Many of the experiments recorded in the foregoing Section 
have a direct beaimg upon the determination of temporal position 
and frequency. Thus the observations of the least noticeable inteival 
should m all probability be regarded as observations of just noticeable 
succession. The comparison of least inteiTals may be interpreted as 
the comparison of the rapidities of successive impressions And the 
introduction of rhythm bnngs us to what we termed ‘penod’ in our 
analysis of frequency (§ 63. 4) —The estimation of temporal position 
may, as we have seen, be either general or special. If we simply judge 
whether two impiessions are simultaneous or successive, we are making 
a general estmation of temporal position. Just noticeable succession 
may, therefore, mean either just noticeable divergence from simultaneity, 
01 the just noticeable distinction of ^ before ’ and * after ’ The general fact 
of non-simultaneity is cognised more quickly and easily than its direc- 
tion. The special estimation of tempoial position includes the judg- 
ments of direction and rapidity. A direct estimation of succession is, 
of course, possible only at a certain rapidity of recurrent stimulation; 
just as the direct estimation of movement is restricted to a certain 
zone of movement velocity (cf. § 59. 9). The upper limit of rapidity 
at which succession is noticeable may, perhaps, be inferred from the 
observations on the least noticeable interval , the lower limit of rapidity, 
below which a direct perception of succession is impossible, has not 
been ascertained and is not in any case capable of accurate definition. 
No express experiments have been made, so far as the author’s know- 
ledge extends, upon the conditions of the judgments of ' before ’ and ‘ after 

2. The general estimation of temporal position forms the subject 
of inquiry in a series of experimental researches upon the validity of an 
astronomical method, the ‘eye and ear’ method, It was formerly 
customary in astronomy to determine the time of the movement of a 
star across the field of a telescope by the aid of a number of fine 
parallel threads in the eye-piece of the instrument (eye) and the seconds 
strokes of a pendulum clock (ear). The basis of calculation was the 
coincidence of a definite position of the star wiib a beat of the pen- 
dulum. The differences in the results of different observers and of 
the same observer at different tunes gave occasion to a special inves- 
tigation of the conditions under which the simultaneity of impressions 
was here estimated Wundt constructed an apparatus, which combined 
the continuous movement of a visual impression with intermittent 
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auditory or tactual stimulation, and thus allowed of an accurate repro- 
duction of the circumstances of astronomical observation (‘ complication 
pendulum^). In this instrument the rapidity of movement can be 
varied within wide limits, and the auditory or tactual impressions 
brought into different temporal relations with the visual series, so that 
the simultaneity of two or three given impressions can be estimated 
under very different conditions. The experiments show that the 
direction of the attention is of determining importance. If the atten- 
tion is predominantly or exclusively directed upon the visual series, 
the auditory stimulus is referred to a later visual impression than 
that which it really accompanies; z<p., two impressions are judged 
as simultaneous, of which the auditory is actually the earlier. If on 
the other hand (as usually happens when this apparatus is employed), 
expectation is concentrated on the auditory stimulus, the sound is 
combined with an earlier visual impression than that which it really 
accompanies; i.e ^ two impressions are judged as simultaneous, of 
which the auditory is objectively the later. The time displacement 
in the latter instance cannot be exclusively due to peripheral condi- 
tions, i.e>, to the more rapid rise of an auditory sensation (cf. § 65. 2), 
since under certain circumstances it may reach the value of ^ sec. 

3 The foregoing arguments are confirmed by the fact that this 
negative time -displacement (m which the auditory impression coincides 
m perception with an earlier visual impression than ttiat with which 
it is objectively combined) is reduced by the introduction into the 
experiment of a second disparate impression. The new stimulus is 
taken to be simultaneous with the auditory: there is no secondary 
time -displacement. If a third impression is added, whether disparate 
or of similar quality to either of the original impressions, the complex 
is referred to a later teim of the visual senes than that which it 
really accompanies And the introduction of a fourth complication 
still further increases the value of this positive displacement The 
plain conclusion from these observations is that the rapidity of ap- 
prehension of the complicating sensations (the sensations which are 
to be brought into connection with the visual impression) is greatly 
dimmished by increase of their number. The same conclusion is 
required by the fact that complication by a number of impressions from 
the same sense departoent is much less effective for time-displacement 
than complication by the same number of disparate stmuh (cf. 
also the results of Exner’s expenments, mentioned above* § 65. i, 2). 
Still further confirmation of our general theory is furnished by the 
possibility of arbitrary correlation of the visual and auditory impres- 
sions. The continuous senes of visual stimuli is given by an index, 
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moving round a circle upon which its separate positions are marked 
in degrees. It is, therefore, not difficult for the observer to imprint 
upon his mind some definite position of the moving index, and to look 
for the occuirence of the auditory impression at that point, If the 
attention has been ‘ trained ’ to make this connection, displacement of 
the auditory impression is possible withm wide limits — If, then, we 
abstract from the sensory conditions of the time-displacement, we may 
bnng all these observations under the single pnnciple, that the rapidity 
of the perception of a sense impression is essentially dependent upon 
the degree of attention which it receives. 

4, The determmation of the frequency of successive impressions 
involves (a) judgments of the direction and rapidity of their succession, 
and (jS) judgments of the duration of the mtervals between successive 
contents, of each content itself, and of the total series of intervals and 
contents. But it also implies two new judgments, (y) the judgment of 
number, and (^) the judgment of peiiod or rhythm (§ 63. 4), Only 
the first of these two special factors has been subjected to thorough 
experimental analysis; the second has never been made the object of 
special investigation, in spite of its importance for music and discourse. 
(1) The question of the number of successive impressions has not been 
raised in this particular form, but certain of the phenomena have been 
examined in connection with the problem of the ‘ range of conscious- 
ness’. The method employed was that of the determination of the 
greatest number of successive auditory stimuli which could be cognised 
with any high degree of certamty A series of successive metronome 
beats was compared with another group of similar impressions; and 
a limit of accurate comparison was found in terms of the number of 
stimuli and the rapidity of their succession. We need not attempt 
to decide whether or not it is necessary for the purposes of this com- 
parison that all the members of the series should be conceived of as 
present in consciousness at dilBferent degrees of distinctness, — the first 
impression being just above the conscious limen when the last is given. 
We do not, venture an opimon on the controverted question 
whether these experiments have really measured the range of con- 
sciousness In any event, they furnish valuable material for the analysis 
of the judgment of number, with which we are here concerned, 

5. The results may be summarised as follows^ (a) The most favour- 
able rapidity of succession was given with mtervals of 0*2 to 03 sec. 
between the separate sound stimuh ; it was under these conditions 
that the longest senes could be accmately compared. The maximal 
number of sepaiate impressions was 16. Serial comparison became 
practically impossible at a higher limit of O'l sec. inter vals, and at a 
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lower limit of 4 sec. inteivals. ((?) Comparison was considerably easier 
with an even niunber of impressions than with an odd number This 
fact clearly points to the influence of rhythmical division of the stimuli, 
— which, indeed, was extiemely apparent throughout the whole course 
of the experiments. Where the senes could be divided into periods, 
the appiehension of the total number of impressions was very greatly 
facilitated. Abstention fiom rhythmical division would seem to be not 
impossible, but the tendency towards it is extraoidinarily strong The 
formation of simple peiiods of two impressions is almost inevitable, 
whatever precautions are taken, and very possibly accoimts for the 
greater range of judgment with even numbered series. The maximal 
number of 16 impressions is piobably reducible to 8 double impres- 
sions. If periods of 8 stimuli are formed, the limit of accuracy of 
comparison rises to 40 separate impressions, which are thus arranged 
m five penods. — When we ask for an explanation of this companson 
of groups of successive stimuli, the hypothesis at once suggests itself 
that accustomedness to a definite number leads to an mvoluntary 
tendency on the part of the observer to reproduce the succession of 
sounds in its original length and at its origmal rapidity If, therefore, 
the second senes is an exact lepetition of that to which the subject 
has grown accustomed, its likeness to the standard would then be 
vouched for by the absence of any expectation of fuither stimulation 
and of the surprise which would be aroused by its premature conclusion. 
But it is undeniable that these indirect criteria may quite well be 
dispensed with, and that the actual comparison of the senes is often 
directly made. We are thus forced to the conclusion that the inter- 
connection of a number of successive stimuli represents a relation of 
conscious contents no less original than that of simultaneous stimuli, 
and that series may be compared as directly as time intervals, inten- 
sities, etc Expectation and suiprise, whatever part their piedisposition 
may play in the deteimination of a given number of successive 
impressions, are )io more the necessary conditions of serial comparison 
in general than they are of the mtercomparison of numbers of points 
or lines simultaneously presented in the field of vision. Before any 
more definite statement can be made, however, further experiments 
must be instituted, and in particular the conditions of judgment vaned 
and their effects not^. In all probability, these observations of 
simultaneous groups or successive series constitute the first psychological 
begmnings of the concept of number. The elementary discrimination 
of visible or audible contents in terms of number, when all other 
attnbutes or relations are given equal, cannot possibly be referred to 
any more fundamental phenomenon. 
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6. (ii) The great importance of rhythm in any kind of auditory 
sequence has suggested the hypothesis that it is the specific time 
sensation. It is certainly true that series of very different quality may 
be heard in the same rhythm, and that precisely similar impressions 
may be given very different rhythmical division in peiception. The 
impression of a particular rhythm, again, may be due to widely divergent 
causes; any difieience of regular recurrence m successive pairs of audi- 
tory stimuli, whether it be intensive, qualitative or temporal (difference 
of mterval), can give rise to one and the same rhythmical division. 
The ^times’ of musical rendition are not by any means necessarily 
identical with paiticular rhythms. Musical ‘time’ marks the value and 
the mutual relation of the separate notes, while rhythm may take on 
the most different forms, according to the nature of the regular inten- 
sive changes, pauses, etc, within the time. The great variety of 
musical effect is, therefore, due to the possible variation of rhythm under 
a constant time rubric The same thing applies to poetic composition, 
where again the prescribed metre is not the exclusive determinant of 
rhythm. It is noteworthy that the typical rhythmical forms appear to 
be restricted to three successive impressions. Beyond this limit we 
simply have repetitions of the vanous types possible with two and 
three impressions. In bimembral rhythms, either impression may be 
accented. But only two forms of tnmembral rhythm have been 
developed, those in which the accent falls upon the first and third 
term. These rules are illustrated m the four common metres, — the 
iambic, trochaic, dactylic and anapaestic A rhythm of four Impies- 
sions is always reducible to two bimembral rhythms, the one of which 
(usually the second) has a weaker accent than the other A seximembral 
rhythm is analysable m the same way into periods of two or three 
impressions. Nothing definite can be said at present of the conditions 
of the various rhythmical phenomena, as the necessary investigations 
have not been earned out, 
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Chapter III. SPxATial and Temporal Colligation. 

§ 67. The General Phenomena of Colligation. 

r. Nothing shows more plainly the peculiar chaiacter of spatial 
and temporal colligation than the separate treatment which time and 
space have received, altogether apart from the conscious contents of 
which they may be predicated as attributes. The intensity of a 
sensation or feeling is known and rated simply as the intensity of a 
particular process of the particular kind: but rhythm and figure, 
extension and duration, locality and number seem to indicate contents 
mi g€7iens^' which, however regarded — whether from the objective 
standpoint of natural science, or under the conditions of a purely 
formal inquiry, or from the point of view of psychological experience — 
are something more than mere attributes of an underlying reality. 
This is undoubtedly the reason of the special position accorded to 
space and time in psychological treatises. But there is one observa- 
tion in particular which seems to give a reason for their isolation : the 
fact that the temporal and spatial attributes of conscious contents are 
always and everywhere easy of combination into total impressions. A 
simultaneous presentment of different colours takes rank at once as a spatial 
whole a successive piesentment of diffeient tones as a temporal whole. 
This independence of the tempoial and spatial total impression has 
helped more than anything else to obscure the psychology of space 
and time, and to raise them above their true level as attributes and 
relations of conscious contents to the dignity of specific and elementary 
qualities. It must be emphatically stated that the observation quoted 
just now is not without its analogues in the sphere of intensity and 
quality; it merely shows us a familiar phenomenon in an extieme 
form We are already acquainted with the qualitative total impression 
and the total intensity of the fusion, and we know that it is possible 
to compare the' intensities of two contents within the same sense 
department, even if they are different in quality. On the other hand, 
there are limits to the independence of the spatial and temporal 
attributes: their variation with the nature of the sensations to which 
they attach is a fact >Thich we have frequently had occasion to note 
in the two preceding Chapters 

2 . It is not only in the nature of the total impression, however, 
that spatial and temporal colligation differs from fusion. The connected 
contents themselves possess a distinct chaiacter in the two cases. 
Analysis is made more difficult by fusion, easier by colUgation The 
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appiehension of the tones contained in a choid is a very different 
matter from their separate perception in a viotif oi a melody, and 
while it is difficult enough to distmguish colour tone and bnght- 
ness in a coloui impression, it is relatively easy to discriminate the 
various colours and the distribution of light and shade in a picture. 
It might seem, theiefore, as if the title of temporal and spatial 
disjunction were more applicable than that of colligation But that the 
proximity of different impressions m time and space renders really 
important service for analysis, better service than any given degree of 
disjunction, is shown by the fact that their diffeience is brought out 
with especial clearness under the conditions of temporal and spatial 
contiguity. Whatever we are accustomed or inclined to regard as a 
unitary object, we endeavour to make as uniform as possible m quality. 
Thus, we furnish our rooms upon a single colour scheme, and avoid 
the juxtaposition of gay tints in our clothing. And if we wish to 
bring out the effect of a figure in all its purity, we have it copied or 
represented in a substance of homogeneous quality Thus a statue 
or a building makes the most direct impression upon the mind when 
it is left in monotone and not painted over and particoloured \ But, 
again, it is not only the quality of conscious contents that is thrown 
into stronger relief by spatial or temporal colligation, intensities also 
become more vivid under its influence In any senes of experiments 
upon the intensive sensible discnmination, the best results are obtained 
with a temporal succession or spatial collocation of the compared im- 
pressions. And the same rule holds, of course, for the spatial and 
temporal attributes of the conscious elements. 

3. This bangs us to a third point of diffeience between fusion and 
colligation. In the foimer case a content cannot be said to be ade- 
quately defined by a simple enumeration of the qualities which are 
connected at the moment. For fusion itself is not an unequivocal term ; 
the connections as well as the terms of connection are capable of 
variation within wide limits On the other hand, a conscious content 
is individually characterised and completely defined by its position 
within a temporal or spatial colligation. We have already had occasion 
to mention this fact • it helped us to explain the exceptional importance 
ascribed by psychologists to the ‘ law of contiguity ’ in the doctrine of 
association of ideas (cf. § 30. 4). ‘ Position ’ is^ed, of course, in both 
its meanings: temporal position constitutes the individual definition of 
a content in respect of time, and spatial position or locahty gives it 

1 I once saw a house in South Germany the part- ownership of which by two 
persons was sufficiently indicated by a simple difference of colour, the line of junction 
of the pamts running up the middle of the front door. 
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an unmistakable chaiacteiisation with regaid to space. It is m this 
property of colligation that memory finds its chief support, and in 
practical life it furnishes the most effectual means for the intelligible 
communication of experience by mind to mind. — All these influences 
react upon one another The independence of the separate contents 
m spatial and temporal colligation prevents the formation of any but 
a temporal or spatial total impression, and, on the other side, the 
general interconnection of all determinations of space and time gives 
each particular content an entirely individual significance Again, the 
idea of a single object, of a thing as such, is best secured by the 
uniformity of its quality. We have refeiTed to the distinction which 
has been drawn between sensation and perception (§61 6). One of 
the prmcipal arguments alleged m favour of the distinction is that 
perception implies a delimitation of separate objects, which is pos- 
sible only by the help of spatial or temporal disjunction From the 
psychological point of view, however, we must insist that the reason 
for this disjunction cannot be looked for in the spatial or temporal 
determinations themselves. On the contrary, nothing is more probable 
than that tracts of space and time, as oiigmally given, mediate total 
impressions exclusively, and that the differentiation of these is effected 
only by the aid of definite contents or content complexes 

4. We have alieady said somethmg of the special forms of spatial 
and temporal colligation (§ 42) (i) The phenomena of spatial colh- 

gation fall into two groups (a) The first comprises colligations formed 
within the sphere of touch and vision, i e , under circumstances which 
admit of a direct space judgment. The phenomena of visual contrast in 
particular furnish a strikmg illustration of the various properties of 
spatial colligation which we have just been discussing There is, of 
course, no tactual contrast m this meamng of the word, for the simple 
reason that the cutaneous sensations do not exhibit any considerable 
number of qualitative differences. On the other hand, somethmg 
analogous to visual contrast is found in the interrelation of tactual 
intensities. And in both sense departments we have what is called 
contract of magnitude, te, sxi enhancement by colhgation of a given 
difference between two spatial determinations (p) Contrast phenomena 
of more mdiiect oiigin are observed when there are differences in the 
localisation of two noii-spatial contents. 

Visual contrast is the only one of all these processes which has been 
discussed and investigated m detail; and we shall, therefore, devote a 
special Section to its consideiation. Two forms have been distinguished, 
a simultaneous and a successive contrast. The latter appears when the 
visual sensations are given in temporal succession, i e , implies temporal 
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as well as spatial colligation. We have briefly noted its influence upon 
the sensible discrimination of tones (§ 14. 4), and of cutaneous inten- 
sities (§ 25. 3). The serial order of the separate qualities is an im- 
portant aid to their clear apprehension, as well as to their accmate 
discnmination. The stimuli, howevei, must not be given in immediate 
succession, or the after-effect of each piecedent excitation will inteifere 
with the cognition of the following. If the sensations aie to reap the 
full benefit of their temporal colligation they must be separated by 
intervals adjusted to the conditions of stimulation in the different sense 
departments (§ 64; § 65. i, 2 ; cf. 2 above) 

5 (2) Temporal colligation is co-extensive with consciousness it is 

the most general form of interconnection of conscious piocesses But 
its laws and conditions have only incidentally been made the object 
of special inquiry. It is true that two t3q)es of temporal colligation — 
reproduction and action— have been lecognised and investigated as 
independent processes. But even here the observer’s interest has been 
principally centred upon secondary phenomena; in the case of repro- 
duction, upon the conditions of colligation, the different ‘ associations 
and in the case of action, upon the vanation of the total duration 
with variation of deteimining mfluences. We shall, therefore, spend 
no more time here upon the process of reproduction, but will refer 
the reader to the discussion in Pt. I, Chap. 4. The mles which hold 
for the fusion and colligation of peripherally excited sensations can 
be easily applied to centrally excited contents The same differences 
exist between the two types of connection in both spheres, though 
naturally altered in absolute amount by the wide divergence of peri- 
pherally and centrally excited sensations. Hence we did not hesitate, 
when we were considering centrally excited sensations as such, to 
extend our investigation beyond the separate contents to their intercon- 
nections § 31. 6). — We give the name of reacfio 7 is to those types 
of action which are accessible to scientific examination, which 
are initiated by a peripheral impression. Both simple and compound 
reactions will be considered in the present Chapter. The mention of 
reactions concludes the list of colligation processes of which we have 
any exact knowledge at the present stage of psychological inquiry. 

§ 68. The Contrast of Brightnessrand Colour. 

I. The law of contrast holds withm both of the great divisions of 
visual qualities, and the phenomena of contrast itself accordingly fall 
into two main classes If two different brightnesses are observed simul- 
taneously or in succession, each seems to throw the quality of the 
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other into highei relief, and two different colour tones act and react 
upon each other in a precisely similar manner. But cunously enough, 
no such result is produced by the juxtaposition of colour tone and 
bnghtness. The punty of a white is not enhanced by coloured sur- 
roundings, and a precedent or simultaneous brightness has no direct 
effect upon the saturaton of a colour There is, 2 (?., no such thing 
as a contrast of saturation^ in the strict meaning of the word Where 
the term is employed, it usually denotes the influence of the degree 
of saturation of the separate colours upon a resultant colour 
contrast. Besides the distinction of bnghtness and colour contrast, 
we have those of simultaneous and successive, and of monocular and 
binocular contrast phenomena. These expressions, however, do not 
designate new facts of contrast, but only different conditions or cir- 
cumstances under which the processes of brightness and colour con- 
tiast appear. Agam, a distinction has been drawn within the sphere 
of simultaneous contrast between contrast of margin, which arises when 
the contrasting surfaces are in direct contact, and contrast of distance, 
which occurs when the two fields are separated by a considerable 
mteival Here too, however, the expressions merely call attention to 
the dependency of contiast upon the distance which separates the 
interacting qualities The colour or brightness which influences another 
by way of contiast is commonly known as the inducing, and that 
which is changed by contrast as the induced; while the normal ap- 
peal ance of the latter, previous to its induction, is ttxmQdiiht reacting 
quahty. As a matter of fact, contrast is always reciprocal, consisting 
simply in an alteration or enhancement of the normal difference between 
two quahties. But the terms just defined are exceedmgly useful in 
experimental investigation, for the unequivocal specification of the 
objects compared 

2. (a) Contrast of brightness. — The general rule of bnghtness contrast 

IS that when two brightnesses of different quality are seen simulta- 
neously or m succession, the difference between them is apparently 
increased. If we have before us a small white square upon a white 
surface of the same quality, a similar square upon a gray surface, and 
a third square of the same kind upon a black background, the first 
will appear darker and the last lighter than the other two The 
conditions of brightness contrast are general and special Under the 
former hfead fall attention, fatigue, etc., — all the processes which we 
found to have a general influence upon sensible discrimmation (§ 5). 
Theie are four special conditions* the absolute bnghtness of the con- 
trasting qualities, their brightness difference, their extension and their 
distance from each other, (a) The absolute brightness of the impressions is 
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of impoitance because a noticeable enhancement of its quality is pos« 
sible only within ceitain limits If either of the stimuli approaches the 
upper or lower hmit of brightness sensation, no noticeable brightening 
or darkening can be expected to result fiom its contrast with the other. 
Moreover, the constancy of the relative sensible discrimination for 
brightnesses (§ x8. 5) means that the absolute amount of difference 
necessary to produce a noticeable change of quality is directly pro- 
portional to the degree of brightness of the reactmg surface. Contrast 
effects between brightness sensations will accordmgly be noticeable 
only within certain limits It will not be found, e,g.^ that a clear sky 
IS noticeably brightened if we hold some small dark object before the 
eyes as we look at it -It follows from these statements that we can 
distinguish diffeient degrees of contrast, and that each must be capable 
of quantitative expression To obtam a measure foi the magnitude 
of a contrast effect, it is only necessary to compare the induced 
bnghtness with a brightness of the same quality as the reacting surface, 
and to vary the lattei until the two are apparently equal. The amount of 
change which the reacting brightness undergoes gives the measure required. 

3. (/?) The second special condition is that of the bnghtness difference 

of the two surfaces. It is found that the degree of contiast reaches 
its maximum with a moderate difference between the inducing and 
the reacting surfaces If the difference is too small or too gieat, 
no contiast effect is noticeable. Within certain limits the most 
favourable relation between the two impressions appears to remain 
constant, z (?., to be independent of their absolute brightness It is 
expressed by the proportion i : 4 76 (y) No systematic investigation 

has been made into the mfiuence of the distance which separates the 
contrasting brightnesses. As a general rule, contrast of margin, which 
appears at the line of division between the two adjacent qualities, is 
more mtensive than the contrast produced when the reactmg and 
inducing smfaces are placed at some little distance apart But the 
exact rate of decrease of degree of contiast with increase of distance 
has not yet been detennmed. (ff) On the other hand, the dependency 
of contrast upon the extension of the inducing surface has been very 
thoroughly investigated. Kirschmann has disco veied that the degiee 
of contrast increases in direct . piopoition to the linear extension of 
the inducmg stimulus or to the square root of^ts areal contents. The 
law IS valid only within certain limits. It suggests at once the mfiuence 
of extension upon apparent brightness, of which we have previously 
spoken (§18 7). Increase of extent, has the same effect, imder 
certain conditions, as increase of brightness. — The same rules probably 
hold for the brightness contrast of colour impressions. 
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4. {})) Contrast of colour . — The general conditions of colour contrast 
are the same with those of brightness contrast. There are three sets 
of special conditions : the quality of the colour tone, and the difference 
between the inducing and reacting colours, the saturation and satu- 
ration difference of the particular colours, and lastly, their extension 
and distance from each other, (a) The only specific influence which 
can be attributed to colour quality as such is that it tends in every 
case to tnge the surrounding surface with the complementary quality. 
No noticeable effect is produced, however, unless the reacting quality 
stands at a very low level of saturation. The complementary colours 
are those which show the widest subjective diveigence m the colour 
series (cf. § 17. 4). Here again, therefore, contrast consists in an 
enhancement of the normal difference between two qualities. The 
dependency of contiast upon the difference between the colour tones is 
twofold In the first place, it reaches an uppei and lower limit at a 
certain maximal and minimal degree of difference Thus, no change 
IS produced m a red object whether we place it against a background 
of its own quality or on a bluish green surface ; whereas it is slightly 
altered in the direction of purple if its surroundings are green, and 
takes on a weakly bluish tinge if they are yellow It follows that 
the highest degree of colour contrast is produced when the two 
qualities he faiily near each other on the colour scale. In the second 
place, it is important to note that the strongest contrast effects are 
obtained under conditions which exclude a simultaneous brightness 
contrast, i.e.^ when the brightnesses of the reacting and inducing colours 
are subjectively equal. 

5. (/?) The saturation of a colour tone militates against the effect 
of contrast; the more saturated the colour, the less is it liable to 
appaient alteration by its surroundings. As we may regard gray or 
white as the lower limit of the saturation of any colour, it is deal that an 
inducing colour will produce its maximal contrast effect upon a coloniless 
surface of equal brightness. It has been experimentally shown that the 
induced suiface, under these circumstances, lakes on a distinct comple- 
mentary tinge. Here again, the magnitude of the contiast effect can be 
measured by the amount of colour of the same quality with the inducing 
which is required to cancel the complementary tone of the induced 
surface. The degree gf saturation of the inducing colour itself is of 
considerable impoitance for the result. It seems probable, from 
Kirschmann’s investigations, that simultaneous contrast between a colour 
impression and a gray of equal brightness increases in logarithmic 
proportion to its saturation, in accordance with a rule whose 
formulation is identical with that of Weber’s law (cf. § 26). As regards 
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the influence of saturation difference^ contrast is maximal when the two 
colours possess a modeiate degiee of saturation. This fact may be 
deduced a priori from the consideration that each of two given colours 
induces the other, and that the inverse vaiiation of their induction 
with increase or decrease of saturation does not proceed in the same 
numerical propoition. (y) The influence of extension and distance 
upon colour contrast is probably the same with their influence upon 
brightness contrast; but the question has not been definitely investigated 
The contrast of margin is again especially vivid But it is noteworthy 
that distinctness of outline or steady fixation of the margin of the 
colour surfaces diminishes the degree of contrast. The same result is 
produced by the introduction of a narrow stnp of different quality 
between the adjacent borders of the reacting and inducing surfaces. 

6 . Both kinds of contrast are in great measure dependent upon 
the duration of the brightness or colour stimulation. One quite recent 
experiment is of peculiar importance for the theoretical explanation of 
the contrast effect It was found that the duration of the electric 
discharge of a Holtz machine (calculated at about TTnirVoinF sec.) is 
fully sufficient to produce a distinct impression of contrast, which 
cannot be destroyed by any previous suggestion which may have given 
a wrong direction to expectation. The impression arises instantaneously, 
and remains unchanged during the course (approximately sec.) of 
the subsequent aftei -image. In all probability contrast reaches its 
maximum very soon after the beginning of the observation; then 
decreases; and finally, if the surface is persistently fixated, changes 
to an induction of the same quality with the reacting light. The 
effect of successive contrast is precisely similar to that of simultaneous, 
but is diflficult to distinguish from the after-image phenomena, to 
which it bears a very close general resemblance. Observations have 
also been made upon binocular contrast, 2.^., the transference of the 
contrast effect from the stimulated to the unstimulated eye It must 
not be supposed, therefore, that the processes described hitherto are 
set up only by monocular fixation The difference between them and 
binocular contrast is simply this* that they are the result either of 
monocular perception or of a simple co-operation of the two eyes, 
whereas binocular contrast (in this special sense) presupposes a separate 
functioning of either eye (cf. the ^diiect’ and^' crossed’ after-images: 
§ 20 i). It may be laid down as a general rule that the after-effect 
of monocular stimulation in the unstimulated eye is altogether similar 
to that produced under ordinary conditions, except that it is weaker 
and less sharply defined. But even when the two fields of vision are 
not completely separated, and more especially in experiments upon 
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the stereoscopic combination of objects of different spatial position, 
we sometimes have the occunence of phenomena which are referred 
to binocular contrast, and which are mtimately related to the phenomena 
of lustre, of reflection, and of retinal rivalry All these binocular effects 
reqmie for their ongination a sufficient difference between the im- 
pressions perceived by each eye, in conjunction with an approximately 
equal degree of clearness or vividness. A very important part is 
played in the rivalry of contours by voluntary or involuntary movements 
of the pomt of regard, and by the momentary direction of the atten- 
tion, which may give either of the images a temporary advantage over 
the other. 

7. The theory of the phenomena of visual contrast constitutes a 
corollary to the theory of vision in general, and the forms which it 
has taken have been as different as the different theones of visual 
sensation (cf. § 21) Helmholtz interprets the contrast effect as a 
deception of judgment, A dwarf looks shorter than he really is, if he 
stands beside a giant, and the giant looks taller than he otherwise would, 
when the dwarf is by his side. In the same way, a light object on a 
dark background is talcen to be brighter, and a dark object on a light 
background to be darker, than their qualities leally are, as represented 
in perception. But this theory meets with very considerable difficulties 
as soon as ever it attempts the explanation of colour contrast. It is 
difficult to see why the deception of judgment should always change 
sensation in the direction of the complementary quality. And there 
are other objections. The hjqiothesis cannot account for the actual 
magnitude of the contrast effect , and the demonstration of its existence 
with a minimal duration of stimulation would seem absolutely to preclude 
the possibihty of a deception of judgment, Wundt holds that the 
phenomenon of contrast, like Weber’s law (§ 26. 4), is a particular 
expression of a general law of relativity. This view, again, seems 
untenable, at least as an explanation of colour contrast There can 
be no doubt that the apprehension of a sensation is dependent upon 
the character of the other conscious contents of the tune, but this 
fact does not enable us to undeistand the magnitude of the contrast 
effect, and the specific direction which colour contrast follows We 
do not mean to deny that the phenomena of visual contrast pomt 
to conditions of a general or central nature. These are necessary to 
account for the universality of contrast, — which obtains between mtensities 
and tracts of space or time as evidently as it does between qualities, 
and the magnitude of contiast is most certainly influenced by all those 
conditions of sensible discrimination which lead to the results formu- 
lated in Weber’s law. But the close relationship of contiast phenomena 
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to after-images shows with equal plainness that they must be lefeired 
in pait to definite peripheral conditions. Hering has pioposed an 
exclusively peripheral theoiy of contrast, or as he phrases it, of simul- 
taneous and successive light mduction. On this hypothesis, the stim- 
ulation of any part of the retina by way of dissimilation (z ^ , by white, 
red or yellow) disposes the contiguous parts to processes of assimilation 
(z «5., arouses a tendency to sensations of black, giccn or blue), and 
vice vefsa. A similar reason is alleged for the effect of successive 
excitation by the same stimuli It is clear that every peiipheral 
theory of visual sensation which can give account of the phenomena 
of after-images will also be able to fuinish a plausible explanation of 
the conditions of contrast effects But even a peripheial theory meets 
with a whole number of difficulties and disputed points, the final reso- 
lution of which is not possible m the present state of our knowledge. 
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§ 69. Simple Reactions. 

1. A reaction (§ 63. 2) is a movement made m response to a sense 
impiession. If it follows diiectly upon the reception of the impression, 
we have a simple reaction, if some further conscious process is inter- 
polated between sensation and motor innervation, a compound reaction 
The simple reaction, therefore, is very similar to the physiological 
reflex^ in which a movement of definite muscle groups results fiom the 
direct transmission of a sensoiy stimulation to motor centres, without 
the participation of consciousness. Indeed, no sharp line of distinction 
can be drawn between the lefiex and the simple reaction. The reaction 
experiment consists in the measurement (by an electric clock or by, 
graphic registration) of the dination of the whole chain of piocesses from 
the moment of stimulation to the execution of the movement. The 
experiment is useful in two ways (a) The differences in the times 
obtained serve to express the quickness or slown^s of the part-processes 
contained in the reaction, and indicate the direction and magnitude 
of the various influences to which it is subject. (^) And the frequent 
repetition of the same act enables us to analyse with some degree of 
certainty the various factois which compose the reaction itself. This 
analysis is of especial importance in view of the high degree of com- 
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plexity which actions ordmaiily exhibit. The leaction is simply the 
exact type of all actions, as they are called m the psychology of 
everyday life, which are initiated by an external stimulus. The reaction 
experiment, therefore, piesents many points of mterest aside from the 
question of its duration. It helps us to understand the nature and 
conditions of our practical relations to the external world. And it has 
contnbuted largely to our knowledge of the sensory conditions of 
sensation, of association, of the connection of conscious elements, etc 
The wide range of its results has natuially lendered it a favounte 
object of investigation in experimental psychology But physiology and' 
astronomy are also mterested in the measurement of reaction times 
physiology, because it supplies a method for the determination of the 
rate of propagation of a sensoiy nervous excitataon, and astronomy, 
because the registration of observations of stellar transits consists simply 
m the execution of reactions. 

2. The duiation of a simple reaction is dependent upon external 
and internal conditions (1) The most important external condition is 
the quality of the imtiatory sense impression Reaction to light lasts 
about 8off longer than reaction to sound or pressure; reaction to taste 
is also comparatively slow, and reaction to smell and temperature 
slowest of all. The intensity of the impressions is undoubtedly of 
importance m the sphere of vision and temper ature the stronger the 
stimulus, within certain limits, the shorter is the reaction time On 
the other hand, there is no certam proof of a parallel influence of 
mtensity when the stimuli employed are auditory or electrical-cutaneous 
All these phenomena are referable to purely physiological causes, and 
present a complete analogy to the phenomena of the duration of 
sensations (§ 64), (u) The changes which are due to the mfluence of 

internal conditions are of greater psychological importance Besides 
altering the duration of the whole act, they usually imply a qualitative 
modification of its contents Especially important in this connection 
is the pieparation of the subject foi the leaction. If the stimulus is 
given unexpectedly, the reaction time is considerably lengthened, and 
in many cases an emotion is produced (the reactor is surprised or, m 
extreme instances, startled), which is directly inhibitory of the requisite 
motor innervation. Even when the expectation is adequately adjusted 
to the experiment, thj^ results differ very widely with its direction and 
intensity: It is customary to distmgmsh two types of simple reaction; 
the sensorial or complete and the muscular (motor) or abbreviated 
forms The reaction is sensonal, when expectation is directed on the 
sense impression, and no special preparation is made for the movement. 
It is muscular, when expectation is concentrated as exclusively as 
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possible on the answering movement, and no particular preparation 
is made for the sense impression The psychology of these forms of 
expectation diifers very widely in actual expeiimentation; capacity of 
reproduction varies in diffeient individuals, and the degree of piepa- 
ration does not remain constant for the same subject Thus, if the 
reactor is unable to ideate a sense impression with sufficient Mvidness, 
he will give the presciibed direction to his expectation by the help 
of judgments of an appioprute kind, or of the organic sensations 
aroused by the sham in sense oigan or organ of movement, or perhaps 
of visual ideas of the stimulus or of the movement to be made m 
response to it. These different forms of sensorial or muscular pre- 
paration still await accurate analysis In all probability, certain differences 
in the determination of reaction times are largely due to differences 
in the form of expectation. 

3 The objective result of this difference in preparation is that the 
sensorial leaction lasts some sec longer than the muscular But 
the qualitative course of the two piocesses is also different In the 
muscular reaction, the sense impression acts merely as a stimulus to 
the release of the movement, which is quick and spasmodic, in the 
sensorial reaction, there is not only a clear perception of the stimulus 
but also a conscious mnervaton of the movement. This diffeience 
accounts for certain characteristic reaction types, the premature and 
erroneous reactions, which not infrequently occur with muscular pre- 
paration The piemature reaction consists in the execution of the 
prescnbed movement before the sensory stimulus has been given; the 
erroneous reaction in the execution of the leqmred movement in 
answer to some other stimulus than that which is employed in the 
experiment. In either case, the subject is often ignorant that he has 
reacted wrongly. There can be no clearer evidence that the muscular 
reaction is essentially physiological in nature. In its extreme form it 
has, as a matter of fact, been interpreted as a practised brain reflex 
Neither of these divergences from the noimal type occurs in the 
sensorial reaction. — It is further noteworthy that the mean vanation 
(cf. § 6. 7) of the sensorial type is twice or thiee times as large as 
that of the muscular. This is not surprising when we remember that 
the reflexes possess extraordinarily constant time values. We may, 
therefore, lay it down that the participation consciousness in the 
muscular reaction is restricted to the intensive preparation" for the 
movement, and a somewhat uncertain and indistinct sensation of the 
initiatory stimulus. Oftentimes this sensation does not become fully 
clear until after the reaction has been performed. The sensoiial reaction 
begins with a .similarly intensive expectation, which is realised by a 
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deal apprehension of the sensation ; and ends with a movement, made 
with more or less conscious intention, and with or without the mter- 
vention of a movement idea The indefiniteness of this description 
indicates the greater variety of the processes contained in the sensorial 
reaction, and the impossibility of the reduction of all its forms to a 
smgle compiehensive schema. 

4. It is not difficult to discover analogies betv^^een these forms of 
the simple reaction and certaip activities or actions m everyday life 
Everyone must have had expenences which recall the premature 
or erroneous reaction; and everyone knows the difference between two 
actions, the one of which is continuously directed by the idea of its end, 
while the other is accomplished step by step, as it were, each stage in its 
execution lequiring special preparation When the series of factors 
involved in an action has become familiai by long practice, there 
can be no doubt of the advantage of a constant idea of its ultimate 
conclusion. The predominance of the one idea makes it qmcker and 
more accurate, and effects a saving of energy as well as of time The 
sensorial reactions, when they have been thoroughly practised, bear a 
very close resemblance to the habitual actions of ordinary life. The 
connection which has grown up between a sensation and a movement 
is brought about in the particular case without any special impulse 
of will, — without any reflection at all. A vast number of our daily 
actions are performed m this way, except that the process is usually 
initiated by connections of sensations and concluded by combinations 
of several movements The term ‘association^ would seem to be as 
applicable to this process as to the interrelation of sensations ; for the 
laws and conditions which obtain for the reproduction of movements 
by ideas are the same with those for the reproduction of sensations 
by sensations. Actions of this kind have also been named ideomotor 

5. The reaction time is taken up (a) with a purely physiological 
process, consisting m the peripheral stimulation and the propagation 
of the excitation to the cerebral cortex. This is followed (|S) by the 
psychophysical process of central sensory stimulation, with its corre- 
sponding sensation ; and this again, (y) by the conscious or unconscious 
transmission of the sensory excitation to the motor cortical centre, 
with its purely physiological consequences of the centrifugal stimulation 
and resulting contraction of definite muscle groups. The better the 
whole couise is prepared, or the more it is disposed to correlated 
function, the shorter will the time of reaction be. This explains the 
difference of duration between the two forms of the simple reaction. 
Thus, the additional sec m the sensorial time is accounted for 
by two piincipal facts that the sense impression is apprehended or 
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apperceived with maximal distinctness befoie the movement is peiforined, 
and that the transmissjon of a stimulation to the motor centie takes 
place more slowly than m the muscular type. The essential dependency 
of the whole process upon the intensity of pieparation is shown by 
the marked influence of the time allowed for concentration of the 
attention upon the lapidity of the reaction It is customary to give 
a signal at about 2 secs before the sensory stimulus, this interval having 
been found most favourable for the simple piepaiation which the 
expenment requires (§ 5 4) Piactice, of couise, shortens the reaction, 
and fatigue lengthens it Distraction of the attention, too, naturally 
exerts an influence upon the rapidity of reaction All these general 
conditions, however, seem to be of fai less impoitance for the muscular 
than for the sensorial form, provided only that the motor prepaiation 
is not seriously inteifcred with The reason piobably is that we can 
more easily dispose omselves foi a definite movement, whose peiformance 
IS under our own control, than keep ourselves prepared for any length 
of time together to receive a definite sense mipiession Disti action is 
most readily produced by an impression of the same character with the 
reaction stimulus, though diversion of the attention by disparate stimuli, 
when it occurs, is piobably the more effective of the two (cf. § 75. 5) 
This difference helps us to explain the divergent results of investigations 
into the dependency of reaction upon distracting stimuli We have 
no space here to discuss further the many observations of detail which 
have been made in the measurement of simple reaction times. We 
will simply give in conclusion the rough average time of the muscular 
and sensorial forms in different sense departments Auditory stimuli 
give times of -A sec , visual stimuh, 3^ and A sec.; and 

tactual (pressure) stimuli, 3^ and 3^ sec. 

§ 70. The Analysis of Compound Reactions. 

I. Psychologists have been principally interested in the compound 
reactions, in which (accoiding to the current hypothesis) the execution 
of the movement is delayed by definite mental acts performed at once 
on the reception of the sense impression, in accoi dance with a pre- 
scribed rule. Bonders was the first to attempt a determination of the 
rapidity of judgment, choice and discrimination by a subtraction of 
the simple ffom the compound reaction timef and his example has 
been followed by many subsequent investigators. Now it is clear that 
the result is valid only if the mteipolation of the mental act constitutes 
the sole change m the course of the reaction, 2 ^ , if pieparation, sensory 
stimulation and movement are precisely identical in both the simple 
and the compound forms We must, therefore, separately examine the 
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various types of compound reaction with a view to ascertaining whether 
or how far this requirement is fulfilled. The investigation of compound 
reactions will, however, lose nothing of its importance, even if we find 
reason to mistrust these particular calculations of the duration of 
different mental activities. For the real value of the measurement of 
compound reactions (cf § 69. i) consists (a) in the fuitherance of an 
accurate analysis of the individual components by the frequent repetition 
of the same process, and (j 3 ) in the illustration of the influence of 
different conditions upon the course of the action. And these objects 
of inquiry are not touched at all by the possibility or impossibihty of 
a separate statement of the duration of definite mental acts The 
interpolated processes have been those of cognition, discrimination, 
choice, reproduction and judgment. We will, therefore, begin with an 
analysis of these particular acts. 

2. {a) Cognition is the simplest term of the series. As employed 

here, it means that the precise character of the sense impression 
to be used in a given expenment is left mdefinite, and that the subject 
must, therefore, cognise its quality, mtensity or other attnbutes before 
he can execute the reaction movement The actual occurrence of the 
act of cognition is secured either by the requirement of conscientious 
mtiospection on the part of the reactor, or by the restriction of the 
reaction to one definite impression. The former procedure is to be 
preferred, since m the alternative case practice will veiy quickly lead 
to the formation of a simple ideomotor colligation between the par- 
ticular sense impression and the movement of the reactor. The idea 
of an objective checl^, which here takes the form of a limitation of the 
reaction to a sense impression previously defined, is correct in itself, 
but the only method for its realisation would consist m a frequent 
variation of the sense impressions employed, since only in this way 
could the danger of an ideomotor colligation be avoided It is always 
the sensorial form of the simple reaction which is subtracted from 
the compound in the calculation of the time of the interpolated 
act, whether of cogmtion or of discnmmation, etc This type of the 
simple reaction is undoubtedly more nearly related to the different 
complex actions than is the other; for the interpolated act is in every 
instance associated to the sense impression, and it is, therefore, most 
appropriate to give a •sensorial direction to expectation. An attempt 
has been made to obtain compound reaction times with muscular prepa- 
ration; but it can be successful only if the subject is not thmkmg ex- 
clusively of the prescribed movement, but is at the same time bnnging 
sense impressions and movements mto more or less close connection 
in consciousness. This latter form of preparation has been termed 
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associative, as contradistinguished from the scnsonal The effect of ' 
really muscular preparation is either to lengthen the compound reaction, 
or to mle out the mental acts required, and so to make the whole 
reaction dependent upon automatic practice or mere accident. 

3. The question now arises whether the cognition reaction is sim- 
ply the sensorial reaction, phcs a new mental act There aie two reasons 
for a negative answer. (1) Piepaiation is essentially different m the 
two cases. In the sensorial reaction, expectation is directed upon a 
peifectly definite sense impression, and the observer may be disposed 
solely for its special reception In the cognition reaction, the direction 
of the attention is indefinite, and the preparation for the stimulus incom- 
plete. the most that the subject knows is the sense department, 
or the range of variation of the impressions fiom which the initiatory 
stimulus will be selected. When we find, therefore, that the cognition 
time IS fiom 30 to ^og longer than the sensorial, we have still to ask 
how much of this additional time is due to the more imp ei feet pre- 
paration, and how much to a particular act of cognition; and theie 
is no way of obtaining an answer. (11) Again, it is difficult to see 
what the act of cognition would be, as distingmshed from the percep- 
tion of the sense impiession which occurs m the sensorial reaction 
itself Distinct perception is, as a general lule, a sufficient reason 
for the origination of definite judgments, of judgments which give 
accurate expression to the familiarity of the observei with the per- 
ceived object; although the effectiveness of a clearly perceived impression 
for central excitation may also be of a quite general character, and 
the judgment simply state its familiarity without closer definition 
(§27 4 ff ). It follows that the only difference between the appre- 
hension of the sense impression m the cognition reaction and in the 
sensorial is the disposition of the reactor (usually remarked by him- 
self) to give utterance to judgments expressive of the character of the 
perceived stimulus As this disposition must change with every change 
of impression, we cannot speak of the act of cognxtion as if it 
were one and the same throughout. If we attempted to determine 
its real nature, we should find that it was primarily a phenomenon of 
reproduction. But the time-difference between the cognition and sen- 
sorial times of a practised observer is in all probability referable to 
the difference of preparation, rather than 1;p the interpolation of 
this reproductory process. We have seen that the direction of expec- 
tation is the chief factor in the time-difference between the muscular 
and sensorial reaction, which is practically as large again. 

^ The only difference that I can discover in my own case is a slower apprehension 
of the sense impression. 
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4. {h) The same arguments apply to the measurement of dtscrimi- 

naiioTi, as the term is ordinarily employed in reaction experiments. 
In the discrimination reaction, any one of a limited number of impres- 
sions may be selected; the reactor knows their number and nature, 
but not which of them will be given in the particular case. Thus, we 
should have a discrimination reaction, if the subject knew that one 
of two defimte sounds of different mtensities would serve as stimulus, 
but was uncertain to which of them he would be required to react 
in each individual experiment. It is evident that the process here 
is essentially the same as in the cognition reaction. The reader should^ 
notice in particular that these discrimination reactions do not imply any 
exercise of the sensible discrimination, as he might infer from the simi- 
larity of the names Sensible discrimination would imply the simul- 
taneous presentation of at least two impressions, or the persistence in 
consciousness of a centrally excited sensation with which the peripheral 
might be compared 

What we actually observe in the reactions is, again, the clear percep- 
tion of the given impression, and a more or less noticeable reproduc- 
tion of judgments subserving its piecise definition. We do not mean 
to deny that a true discrimination reaction could be earned out. 
That would be possible if the subject weie required, to cognise 
the difference in magnitude and direction between two simultaneously 
presented stimuli 

(^■) The choice reaction presupposes a co-ordination between a 
number of impressions and movements, the reactor has to respond to 
the impression a with the movement a, to the impression b with the 
movement etc. He does not know which of these impressions will 
be given in the particular case. The preparation for the experiment 
is, therefore, precisely similar to the preparation for the discrimination 
reaction And it is indisputable that the state of expectation may 
be precisely the same in the two experiments. This is the basis of 
the assumption that the subtraction of the time of a discrimination 
reaction from the time of a choice reaction obtained under exactly 
analogous conditions gives the duration of the act of choice. Ordi- 
narily, however, the necessary co-ordinations are specially practised; 
and expectation, despite its indefinite direction, is not wholly free (as, 
indeed, it is better tl^t it should not be) from the idea of the individual 
connections. We have spoken of this kind of preparation as associative 
(cf. 2 above). It is plain that the subtraction cannot give us any 
rehable information as to the duration of the act of choice, if only 
for the reason that the precedent state of consciousness, which we 
have found to be of first importance in all reaction time expexunenta- 
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tion is essentially different for the minuend and the subtrahend 

5. We have now to ask whether choice itself constitutes a specific 
independent mental act. This question would seem to take us to the 
heart of the problem of the fieedom of the will, and to involve an 
analysis of lesolution, ie^ of decision m face of diffeient possibilities 
But our present inquiry is really much more simple than appears 
from its formulation, inasmuch as the incentives to decision, the 
reasons for choice, in the choice reaction are perfectly definite Any 
oscillation between the different possibilities of movement — which, 
moieovei," are always limited in number — must, therefore, be ascribed 
to a failure of memory, ix , to an uncertain recollection of the pi escribed 
CO -ordination. For a thoroughly practised subject the course of the 
choice reaction may be precisely the same with that of the sensorial . 
clear perception of the sense impression repioduces the appropriate 
movement. A very stnking illustration is afforded by the playing of 
a practised musician, the sight of the score calls up at once the 
corresponding movements of arm and fingers. It follows from this 
extraordinary power of practice to modify our actions that choice 
reactions in the strict sense of the word do not occur beyond the 
first beginnings of experimentation, and that the reaction times taken 
at different stages of practice are less comparable here than in any 
other department of reaction work. Before the subject has perfected 
the simple ideomotor action, however, the rapidity of which seems to 
be independent of the number of possible sense impiessions and 
movements, the time of the reaction is lengthened by the introduction 
of the act of choice. The result may be explained as due (a) to the 
imceilainty of recollection, which may render it necessary that the 
judgment formulating the particular co-ordination be specially reproduced, 
and {§) to the rivalry of a number of relatively intensive movement 
ideas, which inhibits the reproduction of the right idea This stage of 
piactice is chaiacleiised by the frequent occurrence of concomitant 
movements of the hand, on either side of the reacting finger, and of 
erroneous reactions. It is clear that all these processes are merely 
familiar phenomena of reproduction, and that they do not constitute 
a specific act of choice, interpolated in the couise of the expeiiment, 
and separably measurable. 

6. (d) In the association reaction, the piesci;^bed movement is not 
to be executed until the given sense impression, of whose quality the 
reactor is ignorant, has reproduced a second idea. This form of the 
compound reaction, /.<?., presupposes a single movement and an unlimited 
number of possible sense impressions, and consequently approaches 
the type of the cognition reaction. Hence the duration of the cognition 
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reaction is used as the subtrahend in the calculation of the ' association 
time’. The piecedent state of consciousness certainly may be the same 
m both cases; but, as a geneial rule, the knowledge that he must 
‘associate’ will serve to modify the disposition of the leactor. Apart 
from tins possible discrepancy, the association time would seem to 
admit of the simplest mterpietation of any of the subtraction times, 
as it may very well be accredited to the reproduced idea. However, 
it does not only represent, and does not wholly represent, the dura- 
tion of the repioduced idea Some time, more or less, may elapse 
before the appearance of the second idea in consciousness, and the 
movement may be innervated at veiy different stages of its develop- 
ment This would account for the great divergences in the association 
times of different subjects. The term ‘association time’, therefore, 
proves in its turn to be not free fiom ambiguity 

The higher forms of the compound reactions, the choice and associ- 
ation reactions, may be still further complicated Thus we may co- 
ordinate general categories with definite moveinents, and require the 
reactor to wait for the execution of a particular movement until he 
has subsumed the sense impression under a given category 

{e) The association reaction may be extended in a similar way 
by the requirement that a judgment be passed upon the reproduction 
aioused by the sense impression, before the reaction movement is made 
These experiments take us into the domam of the activity of thought, 
in the strict sense of the phrase, and raise a large number of inteiest- 
ing problems in the analysis of thought processes and their conditions 
The exact comparability of the experiments in all but the one respect 
is here, as everywhere, the prerequisite of the evaluation of their quanti- 
tative lesults. The method of measurement is precisely the same for 
the compound as for the simple reactions 

It is hardly necessary to point out the analogies which obtain between 
compound reactions and actions of our everyday expeiience Our 
attitude to external objects very commonly takes the form of the 
cognition or choice or association reaction. Witli the exception of the 
voluntary action, which is an independent activity of the subject arising 
from internal incentives, theie is no type of conscious movement which 
cannot be reduced to one or other kind of simple or compound reaction. 

§ 71.^ The Principal Results of the Measurement of 
Compound Reactions 

I. We attempt in what follows to give a summary of the most 
important facts which have been brought to light by the measurement 
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of compound reactions. It follows fiom the discussions of the fore- 
going Section that we shall lay no weight upon the absolute duration 
of the time of cognition, disci imination, etc All our statements of 
reaction rapidity will be relative. The cognition and discrimination 
reactions may be bracketed together, as the professed discrimination 
reactions are not strictly what their name would mdicate them to be 
(§ 70 - 4 )- 

(a) Cognition reactions ,— methods have been employed for 
the measurement of these times (§ 70 2). The method of reaction to 
an indefinite number of impressions with puiely subjective (introspective) 
guarantee is ordinal ily termed the d-inethod (Wundt), the limitation of 
reaction to definite selected impressions, which is intended to seive as 
an objective check, is the cardinal point of ‘what is called the c- 
meihod (Bonders) It is evident that the ^r-mcthod itself may take two 
different forms. The subject may attain by associative preparation (§ 70 
2, 4) to a wholly automatic reproduction of the movement by the sense 
impression, or he may be expressly reqmred to avoid association, and 
be given the choice between movement and no movement. These 
differences in the execution of the cognition reaction are accurately 
reflected in the time differences obtained. The shortest times are those 
of the r-method with associative preparation; the times given by the 
^f-method are somewhat longer, and the reactions taken by the second 
form of the <:-method are longest of all. Associative practice in a 
defimte connection of sense impression and movement puts the cogni- 
tion times midway between those of the muscular and sensorial reac- 
tions. This IS not difficult to understand, when we remember that the 
preparation consists in a simultaneous expectation of sense impression 
and movement, that it is really an intermediate form between the 
extreme sensorial and extreme muscular dispositions. Similar transition 
foims occur in simple reactions to stimuli whose precise nature is 
known to the subject, and are also characterised by a mean duiation 
Hence, for a thoroughly practised reactor this form of cognition reaction 
is in reality merely a simple reaction with mixed prepaiation, and the 
fact that other stimuli are or may be presented is either without 
influence of any kind or simply serves in a general way to divert the 
attention. 

2 The cognition reactions taken by the^^Z-method are on the 
average longer than the sensorial times. The result is probaSlyreferable 
to the influence of an indefinite direction of expectation, The further 
extension of the reaction time by the necessity of choice between 
movement and no movement is obviously due to the oscillation of 
reproduction. — The relative differences of cognition time obtained 



§ ; I. RESULTS OF MEASUREMENT OF COMPO UND REACTIONS 417 

With the different methods will naturally be independent of the method 
itself in the great majority of cases. We may, therefore, proceed to 
tabulate the most important results without refeience to the form of 
the method. 

(a) As a general rule, the cognition of intensities of sensation occupies 
a longer time than the cognition of qualities This result is of 
importance as illustrating the lack of an absolute memory for the 
intensity of impressions (§ 26. 6), and the poverty of language in 
specific names for intensive differences Our estimation of intensity 
is almost always comparative, whereas we possess an ekborate system 
of symbols, by the help of which we are perfectly well able, within 
certain hniits, to make an absolute determination of quality. 

(( 3 ) The cognition of direction (visual, tactual and auditory local- 
isation) requires a less average time than the cognition of the corre- 
sponding quality or intensity (colour, strength and weakness of cutaneous 
stimulation, tone); the cognition of distance (from our own body) by 
means of sight requires the same average time as the cognition of 
visual qualities This result renders the time of localisation surprisingly 
small, and it seems reasonable to make the method employed (the 
first form of the ^-method) at least partly responsible for it. In all 
probability, the reaction movements enter especially easily into associa- 
tive connection with definite directions in space. Nevertheless, there 
appears to be sufficient ground for the inference diawn from the 
experiments that local signature cannot be interpreted as a conscious 
intensive variation (cf § 57 3). The length of time required for the 
cognition of distances from our own body is fully explained by the 
relativity of the determination. In this respect it resembles the cognition 
of mtensity. 

(y) The cognition of different qualities of the same sense and of 
disparate senses increases the times of the simple reaction to the 
same impressions by different increments Thus, colours are more 
quickly cognised than tones, pressures more quickly than tastes, high 
tones more quickly than deep tones, black more quickly than white, 
etc It is difficult to reconcile these facts with the assumption of a 
specific act of cognition. On the other hand, they speak very definitely 
for differences in the stability of associative connections. 

3 ip) The cognitio;} of more complex impressions reqmres a longer 
average time than the cognition of more simple stimuli, and the 
duration of the discrimination reaction by the <f-method is dependent 
upon the number of possible sense impressions. The difference 
between simple and complex stimuli has received special attention in 
the domain of vision (letters, words, numbe^, pictures). Within 
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certain Jimits, in ci eased complexity of the initiatory impiesbion makes 
no diffeience to the length of the reaction indeed, short words are 
cognised even more quickly than single letters, and numbers of two 
or three places hardly less quickly than simple numbers A further 
increase in the number of constituents is lequiied to produce a distinct 
inciease of reaction time. This shows that the conditions of the 
sensory apprehension of complex impiessions remain the same with 
those of the apprehension of simple stimuli up to a ceitain point of 
complexity, and that practice in the reproduction of the name of the 
complex object may cancel the advantage which the simple stimulus 
possesses for perception Similar conclusions may be drawn from the 
fact that the time of the disciimination reaction is dependent upon 
the numbei of impressions. This dependency is most pronounced 
where the stimuli differ in intensity; the conditions of reproduction 
render it exceedingly difficult to discriminate even between three 
different intensities of sound But it is also obseived with qualitative 
impressions, when their number exceeds the number of names com- 
prised in the subj'ect’s oidinary vocabulary. 

The results which we have desciibed and explained so far are 
wholly confirmatory of the analysis of the previous Section They 
point more particularly to the impoitance of reproduction, and con- 
sequently of association, for the i^rocess of cognition. As a matter 
of fact, the word ^cognition’, in whatever context it is employed, 
always means the description of an experience by the help of symbols, 
which relegate it, in accordance with its essential attributes, to its 
appropriate place m the general interconnection of concepts and 
judgments which constitutes our system of reflection or knowledge. So 
that cognition, m its psychological significance, is simply a more or less 
distmet reproductory phenomenon (§ 70. 3). In the present connection 
it is especially interesting to note that the effectiveness of an impres- 
sion for central excitation may be observed in the absence of definite 
reproduced ideas or sensations from consciousness. Everyone who 
has taken part in cognition reactions will know that he may be 
positively certain of having cognised the visual or auditory impression, 
before the name which designates it has appeared in any form above 
the conscious limen. This fact serves to illustrate and confirm our 
onginal analysis of recognition (§§ 27 ff.). ^ 

4. ( 3 ) Choice reactions . — Our estimate of the relative dttration of 
these reactions can only te based upon their companson with cognition 
reactions taken by the i/-method. At the same time, the course of 
the choice reaction is very similar to the associative preparation of 
the ^-method, if p^tice in the prescribed co-ordmations has been 
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carried to any great extent We have, therefore, a laige number of 
actual choice reactions lying between the two extremes of an automatic 
co-oidination of sense impression with movement and the mediation 
of their connection by a special reflective process It will be readily 
understood that under these conditions it is exceedingly difficult to 
summarise and interpret the experimental results. The following facts 
seem to be' well established 

(a) The average duration of the choice reaction increases with the 
number of possible co-ordmations Reaction with simple choice between 
two movements is only some 60 to 80^ longer than reaction with 
cognition, but the difference rises to 300 or 400<y when the reactor 
has to choose between ten movements (movements of the ten fingers). 
The result is easily explamed, if we may presuppose equal conditions 
of practice in every case The degree of liability of reproduction and 
the quickness with which it is realised by connection in the particular 
instance are certainly dependent upon the number of equally possible 
connections, — and the greater their number, the greater will be the 
inhibition 01 retaidation of the individual reproduction 

(p) All differences m the facility and certainty of the separate 
co-ordmations are reflected in corresponding differences in the rapidity 
with which they are brought about. The certainty of the association 
between impression and movement may be (1) originally given as a 
result of previous individual development, or (u) consciously effected 
by practice, or (lii) involuntarily produced by repetition in the course 
of the experiments. (1) The first of these possibilities is fulfilled in 
all cases of 'natural* co-ordination, m the connection of printed 
words with the corresponding movements of speech, or in that of the 
numbers i to 5 with the fingers of the right hand in the order of 
thumb to little finger, etc. If the spoken word is employed as the 
reaction movement, the experiment must usually take the form of an 
ideomotor colligation of the perceived object and its name, and not 
of a choice between equally possible activities. It has been found that 
short words, piinted upon cards and shown to the reactor, arouse the 
corresponding speech movement most quickly; that separate letters 
require a somewhat longer time for their naming ; and that a consider- 
ably longer time still is needed for the reproduction of the appropriate 
words by pictures and colours The result is mteresting and readily 
intelligible. The reproduction of spoken by prmted words is especially 
direct and exceedingly common; while pictures or colours may arouse 
very different ideas according to the individual disposition of the 
subject, and are by no means so universally reproductive of names 
as are prmted words. Moreover, the names%»|^ what seen in a 
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picture or a colour may vary within ceitam limits, whereas punted 
words give a single definite direction to the leaction movement. 

5 Cognition leactions to the objects just mentioned give different 
and partly contrary time values Colours and pictures are cognised 
rather more quickly than letters and words It plainly follows that 
the rapidity of the choice reaction is really conditioned by the stabi- 
lity and exclusiveness of the natural co-oidinations. We have already 
noticed that short words are more quickly cognised than separate 
letters (cf. 3 above). This shows (what is evident from other consid- 
erations) that we do not read letter by letter, and that the ‘word 
method’ which is now followed in elementary schools is better adapted 
to the psychological conditions of the apprehension of printed words 
than the older b, c method.’ (li) The connection of sense impiession 
and appropriate movement is purposely strengthened by associative 
preparation and may, of course, be further established by more or 
less obvious associations, (lii) Lastly, liability of reproduction is 
involuntarily and unintentionally increased by the repetition of the 
experiments, so that care must be taken that definite co-ordinations 
are not rendered overeffective by their relatively more frequent appli- 
cation, — unless, of comse, the influence of repetition is the subject of 
the special investigation 

(y) The same phenomena recur in the more complex choice reac- 
tions. The co-oidinations employed in these experiments are those of 
definite categories, of five parts of speech or fonns of inflection, 
with a corresponding number of movements The sense impression, 
perhaps a word called out by the experimenter, must then be sub- 
sumed to its appropriate category before the co-ordination can be 
completed. The only difference is that complication arises from 
variations m the connection of sense impression and categoiy. The 
rapidity of the connection is again dependent upon all the conditions 
which determine the permanence and strength of liability of repro- 
duction. 

6. (^) Associahon reactions — Reproduction with all its conditions 

has played an important part in our analysis and explanation of the 
times both of choice and of cognition. Its place in the association 
reaction, however, is somewhat different. It is there, so to speak, 
embodied as a whole in the course of the experiment. The cognition 
reaction times again furnish us with a basis of companson. The most 
important results are as follows. 

(cc)'* Unequivocally definite reproduction is most quickly effected; 
ambiguously defined reproduction requires a longer time; and free 
reproduction is slow^ of all (§ 30. 6), The different degrees of limi- 
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tation are set to the reproductory activity by its direction in a more 
or less definite channel previously to the expeiiment. Thus, the 
movement of ideation is unequivocally determined when the stimulus 
consists in the title of a familiar poem, and the subject is asked to 
reproduce the author's name. Repioduction is equivocally determined, 
on the other hand, when the name of a season is employed to call 
up the name of a month which falls within it Free reproductions, 
in which the nature and direction of the centrally excited processes 
are left altogether indefinite, are simply equivocally determined repro- 
ductions of the highest order; a certain limitation is still imposed upon 
the movement of ideation, by the character of the selected impression. 
Other thmgs equal, we may account for the rapidity of the unequi- 
vocally determined reproductions by the fact that in their case the 
reproduced idea is least liable to inhibition The more mdefinite, the 
less characteristic the centrally exciting stimulus, the more difficult is 
the reproduction of a completely definite idea (cf. loc, at ). Moreover, 
the unequivocally and equivocally determined reproductions are further 
assisted by the limited number of the sense impressions and the relative 
concreteness of expectation 

7. (p) Any circumstance which serves to increase liability of repro- 
duction, in accordance with the laws of centrally excited sensation, 
serves also to accelerate the association reaction Hence the commonest 
ideational connections, e.g,, are also the quickest. This is perhaps the 
reason why the reproduction of the idea of a means by that of its 
end requires less time than that of the reverse reproduction, and the 
idea of a part by that of the whole less time than that of the whole 
by that of its part Again, we can reproduce the name of the month 
immediately following a given month much more quickly than the 
name of the next precedmg month. And a large number of individual 
differences may be referred under this rubric to differences in the 
stability of associations in individual minds. 

(y) The rapidity of the association reaction is dependent upon the 
significance (whether accidental or as the result of education) of the 
matenals of reproduction. This is what we mean by saymg that ideas 
stand at different levels of preparedfiess in consciousness. The pre- 
paredness is inffuenced not only by the degree of liability of reproduction 
at the moment, whicl\ is a matter of chance, but also by the conditions 
of fidelity of reproduction (§ 31). Here would seem to belong the 
fact that the reproduction of the general by the paiticular takes less 
time than that of the particular by the general. We have referred to 
it on more than one occasion (cf. § 27. 5, 6; § 57. 6, etc.). The 
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life in the minds of elderly persons. Gallon made a collection of free 
reproductions, and found that 85 p. c. weie associations of childhood 
and early manhood, while only 15 p. c. were suggested by experiences 
of the immediate past. We cannot here enter into further detail with 
regard to these experiments, which, as the reader can see, may be 
extended in very many directions. We will only mention m conclusion 
that more complex forms, obtained by the interpolation of logical or 
aesthetic judgments of the presented ideas, naturally give very mudi 
longer average times, and that the fluctuation of subjective estimation 
and appieciation has led to extremely divergent determinations iz,e., 
makes the mean variauon of the times exceedingly large). 
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PART III. THE STATE OF CONSCIOUSNESS. 

§ 72. The Attention as State of Consciousness. 

I. The description and explanation of the facts comprised under 
the familiar tenn ‘attention’ constitute one of the most formidable 
difficulties which the psychologist encounters in the whole course of 
his inquiry In certain psychological systems attention is regarded as 
identical with consciousness, and is thus made to appear susceptible 
of none but a metaphysical treatment. But as early as the eighteenth 
century empirical psychology had awakened to the importance of a 
discriminaton of the two concepts, and modern experimental psychology 
and psychophysics have laid still greatei emphasis upon the necessity 
of their separation. This unity of standpoint, however, has not led 
to unity of explanation, and every psychologist of any independence 
at the present time analyses and derives attention in his own way. 
Some reduce it to a specific class of sensations, sensations of muscular 
contraction or of strain ; others regard it as an emotion, which exercises 
an especial influence upon the motor side of our activity. Another, 
psychophysical theory makes it the primary office of attention to 
remforce excitation in the sensory centres; and a fourth hypothesis 
characterises its positive function as a process of inhibition In popular 
thinking attention, like feehng and will (§§ 34. i; 40. i), is looked 
upon as a purely subjective activity, as a mode of the seifs behaviour 
in face of external impressions. So we are said to ‘ direct ’ our attention 
upon something; and even when a change of direction is involuntarily 
produced, we do not relmqmsh our belief that it is in our own power 
to be attentive to one thmg or another. From this point of view we 
can understand Leibniz’ identification of the attention with the self- 
conscious assimilation^ of an impression, or, as he termed it, apper- 
ception— Now we found in our consideration of feeling and will that 
popular opinion, schooled as it has been by the experiences of count- 
less generations, contained no small measure of the truth So here 
the common view of attention, however deficient its analysis and 
inaccurate its method of expression, is undoubtedly worthy of psycho- 
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logical respect. Hence, all those theories which contradict the verdict 
of general expen ence, and resolve attention into a complex of ceitain 
sensations, must be judged from the outset to possess but little 
probability 

2. The first business of a careful psychological investigation into the 
phenomenon of attention is to distinguish between its manifestations 
and its conditions. We must begin by defining the nature of attention, 
as discovered by introspection. Hence the question at once anses, 
whether we have in the process of attention something above and 
beyond the elementary conscious contents described in the preceding 
Parts, or whether the term simply indicates a special state in which all 
these contents may be presented under certam conditions. It seems 
that the second alternative is the correct one, for introspection disco- 
vers nothing really new in attention, nothing which is characteristic 
of the process as such. Those who maintain the contrary have 
nothing to allege but a sum of sensations, which occur just as well in 
other contexts, or a change in the contents given in the state of atten- 
tion, 01 a general judgment of the origin of the process (i) Strain 
sensations, e,g,, are ordinary concomitants of attention, and are referred 
to in the phrases ‘stramed^ and ‘relaxed attention^; but they aie 
neither necessary constituents of attention nor attention itself, (ii) So 
again, when we find the increased clearness of a perception or the 
increased vividness of a sensation or conscious concentration upon one or 
two defimte ideas interpreted as a function of attention, we must reply 
that while all these changes regularly appear m the attentive state, 
they are always changes in the conscious contents, and cannot be 
conceived of as separated from them. It is, therefore, altogether impos- 
sible to add all these changes together and account them a specific 
process, and to give this process the name of attention in contradistmc- 
tion to the particular contents. For every item in the sum proves, 
when accurately analysed, to be no more than an enhancement of 
the given attributes of sensations or ideas or of the given relations 
between them, or a limitation of theii number— in a word, nothing 
more than a purely quantitative process^ which may be set up in 
consciousness by other means than that of attention. The reader 
may incline to find a possible exception to this statement in the clear- 
ness of the quality, difference, etc., m the state (^f attention. For clear- 
ness or distinctness is certainly not identical with the intensity of an 
impression: weak stimuli may be more distinct than intensive. Now dis- 
tinctness IS partly referable to conditions in the sense organ (cf. the mechan- 
ism of -accommodation or the fovea cenirahs of the retina in the 
eye). 5ut, this apart^^we mean by the teim simply the relatively 
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most favourable apprehension of an impression, as expressed in a 
relative maximum (a) of its discnmmability from other contents, and (( 3 ) 
of the liabihty of reproduction of its attubutes. It follows, of course, 
that clearness or distinctness is not a new charactei, which can be 
detached from the particular contents to which it is ascnbed, and con- 
stituted the predominant factor in attention 

3 (m) Lastly, we have a general judgment of the origin of attention in 

its description as an internal activity, concentrated m various degrees upon 
the particular ideas in consciousness ^ For this description applies to 
attention, as given to introspection, only on the assumption that we are 
able to perceive the internal activity as such; And this would mean, in 
its turn, that we are conscious of an internal activity above and beyond 
the contents upon which it is concentrated, and above and beyond the 
concomitant sensations to which its functioning gives rise. The author 
is unable to discover any such distinct act of consciousness in the state 
of attentive observation. Either a sum of or game sensations (cf the ex- 
peiience of • eSort * § 40) has been described, and its interpretation 

attempted, by this term , or * mternal activity * is merely an inexact 
expression of the popular view of attention mentioned 3 ust now. We shall 
see later (§ 74?) that there is really a very close connection between atten- 
tion and orgamc sensations , but we have already rejected the hypothesis 
that the two are identical’ In the same way, we believe that the popular 
view of the origin of attention is correct , but we do not beheve that this 
view requires the assumption of a special conscious content, - mternal ac- 
tivity/ or that internal activity is demonstrable by introspection? If we 
consider that all classes of conscious contents, without distinction of origin 
or of value, may be the object of attention, and that the alterations 
which they undergo in consequence of attention are all of one nature and 
capable of formulation in the same terms, we have no alternative but 
to regard attention as a state of consciousness in general, — though its 
conditions, of couise, must be sought aside from the different contents 
which enter into it at different times. The psychological problem of 
attention may, therefore, be stated somewhat as follows. («) The psy- 
chologist must descuhe the changes which the simple and compound 
processes of consciousness undergo in the state of attention (| 3 ) He 
must depict the secondary phenomena which ordinanly accompany it, 
(y) And he must tabulate the conditions which determme its appearance 
and its degree in the particular case. 

4. It is one of Wundt’s services to modem psychology that he 
has recogmsed the unique natuie and the general and fundamental 
importance of attention, and has given expression to both ui his 
doctrine of apperception. The English assoctat^n psychology, with the 
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German and French schools which have adopted its tenets, refers all 
the phenomena of conscious mental life to the mechanics of sensations 
and ideas, and more or less completely ignoies the significance of 
the attentive state Wundt has realised that the ‘having’ of an idea 
is not identical with its attentive expeiience, and that the conditions 
of attention are not given with the internal and external stimuli which 
we regard as the physical counterparts of centrally and peripherally 
excited sensations. He accordingly distinguishes between perception 
and appercepton, — the former denoting the appearance of a content 
in consciousness, at the instance of external and internal stimuli, the 
latter its reception into the state of attention This accurate analysis 
of the facts of consciousness has been altogether wrongly interpreted 
as a metaphysical construction: Wundt’s definition of apperception, 
though recogmsed as different from that of Herbart, having been 
confused with Kant’s transcendental apperception, or the doctrine in 
its entirety relegated to the region of pure metaphysics (§ 52 5) In the 
Herbartian psychology, apperception is the reception of a new impression 
into an already existent ideational complex, and a distinction is con- 
sequently drawn between the perception mass (the impression which 
awaits reception) and the apperception mass (the receiving ideas) 
The practical impoitance of this process is undoubted: it typifies the 
course of every perception. At the same time, we cannot find a place 
for the Herbartian definition of apperception in our psychological 
system, since it merely covers the action of familiar laws of association 
and reproduction. Wundt’s definition, on the other hand, is wholly 
adequate to the requirements of a systematic psychology, and we 
shall, therefore, frequently employ his phraseology m what follows 
It has the additional advantage of being more convenient and more 
precise than the other modes of expression in current use. 

5. Many writers emphasise the distinction— in what appear to the 
author to be exaggerated terms — between sensible tnielleciualdXiQTiiiorii 
although the meanings which they attach to the two words are not 
always identical. Thus, some find the criterion of sensible attention 
in the circumstance that an external stimulus draws attention to itself 
in virtue of some attribute or attributes, while they conceive that 
intellectual attention origmates in the preference accorded to a par- 
ticular impression by the “presentation auxiliaries” or apperception 
masses, in the Herbartian sense. Others again, speak of "sensible 
attention when the object or content of the process consists of peri- 
pherally excited sensations, and of intellectual attention when it 
embraces centrally excited sensations. The first of these distinctions 
obviously rests upon >He division of the conditions of attention into 



§ 73 - effects of ATTENTION 


427 


external and internal (cf the paiallel distmclzon m the sphere of 
feeling § 35.2); the second employs a difference in the character of 
the sensations which form the objects or contents of attention as the 
basis of a classification of the forms of attention itself On neither 
principle, however, is the assumption of specific kinds of attention 
justifiable, unless it can be shown that the process as such is essentially 
diheient m the two cases. And it would seem as a matter of fact 
that the changes which contents undergo in the state of attention, and 
the nature of its concomitant phenomena, are so constant and uniform 
alike under the sensible and the mtellectual rubric, that there is no 
reason for the recognition of different kinds of attention. The various 
conditions of attention will, of course, fall within the scope of our 
own inquiry (§ 75). But to separate the conditions from one another 
IS surely a more correct procedure than to derive different forms of 
the attention from them. 

Anothei current distmction makes attention voluntary and involuntary^ 
according as the will does or does not participate m its diiection upon 
parliculai contents This classification, again, is a classification by con- 
ditions, though it is not the same with that discussed above Wundt 
names the two forms active and passive apperception; but remarks 
that the process of attention is the same in both cases, so that the 
only point of divergence is to be found m the character of the condi- 
tions He supposes that passive apperception is an uneqmvocally 
determined, and active apperception an equivocally determmed act 
of attention; t.e ^ that the sole difference between them is that of the 
number of incentives (§§ 30. 6; 71.6). We need not decide at present 
for or against the validity of the hypothesis. It is intimately connected 
with Wundt’s belief that apperception and will are ultimately one 
and the same process. We may, theiefore, postpone our cnficism, 
until we come to inquire into the relations obtaining between attention 
and will (§ 77. 7). 

§ 73. The Effects of Attention. 

I. The first of the three problems which attention pr^sbiits to 
psychological mvestigation is a description of the changes which 
conscious contents undergo in the attentive state We term these 
changes ^effects of at^ntion', for the sake of brevity, although we 
found ourselves obliged to reject the hypothesis that they really add 
anything new and specific to sensations or ideas. The expression is not 
intended to arouse or to betray any theoretical prepossession as to the 
factors involved in the production of the state. We shall, therefor^e, 
employ it without hesitation, after this express caution tq the. reader 
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not to confuse the conditions of attention (§ 75) with the changes in 
the contents attended to, which we are now to discuss. 

We have already spoken in vanous passages of the first and second 
Parts of the dependency upon attention of sensitivity and sensible 
discriinination, of liability and fidelity of reproduction, of the feelings, 
of fusion and analysis, etc (cf. §§ 5; 32; 39; 47, etc). Experimental 
psychology has begun the quantitative measurement of the degiee of 
influence exerted in these different cases. The undertaking is beset 
with very considerable difficulties, and we can hardly say that an un- 
exceptionable method has as yet been devised for the accomplishment 
of the desired end In pnnaple, of course, the influence of the attention 
in any given instance may be taken as the measure of its degree or 
effect But results obtained m this way have only a relative validity . 
(a) because we are unable accurately to determine either an absolute 
zeio point or an absolute maximum of attention, ((?) because its function 
would seem to be exceedingly different in individual cases; and (y) 
because the efficacy of the means employed to diminish the attention 
for paiticular contents is very uncertain and very difficult to check or 
regulate 

2 Our subjective estimate of the degree of attention is based partly 
upon the result achieved imder its influence by the activity of thought 
or perception, and partly upon the mtensity of the strain sensations, 
which are especially apt to anse if we are continuously occupied with 
a single topic But the result achieved may depend upon entirely 
different conditions , and there is no simple or necessary proportionality 
between the intensity of strain sensation and the degree of attention 
Recourse must, therefore, be had in the experimental mvestigation of 
attention to objective and less eqm vocal means of measurement. These 
are found m distracting stimuli. The attention to a defimte content 
is regarded as inversely proportional to the magnitude of the distraction, 
the quantitative gradation of which is ordinanly secured by alteration 
of the intensity or number of the distracting stimuli But the relation 
of the particular means of distraction to the mental disposition of the 
experimentee is also of extreme importance. Thus, it was found m 
an examination of the dependency of the sensible discrimination for 
intensities of sound upon the degree of attention, that the application 
of very intensive electrical stimulation (the iijtensity was so great as 
to be painful, and as to cause tetanic contractions of the mfiscles) to 
the arm of the observer during the experiments scarcely produced any 
noticeable decrease of sensible discrimination, as compared with that 
shown by the results of experiments in which the attention was not 
distracted at all. On other hand, the running through of a piece 
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of music in thought during the comparison of visual distances was 
sufficient to effect a relatively considerable reduction of sensible dis- 
ciimination. The introduction of a specific intellectual operation 
(addition, intelhgent leading, etc.) is still moie effectual for the distraction 
of attention from the observation of definite impressions. It is clear 
from these illustrations, that the mere employment of distracting stimuli 
of a certain intensity or number is absolutely no guarantee that a 
corresponding distraction of the attention has actually been accomplished. 
The discovery of a reliable measure of the attention would appear to 
be one of the most important pioblems that await solution by the 
experimental psychology of the future. 

3. It only remains for us here to give a general statement of the 
various effects of attention, (r) We find in the first place that attention 
increases sensitivity and sensible discrimination, both in their direct 
and indiiect forms (§ 4. 6, 9). Its influence upon sensitivity has been 
determined pnncipally in experiments upon the stimulus limen The 
relatively small difference produced under these circumstances by an 
increased activity of attention is certainly referable to the fact that 
the distraction employed was not very effective: for our everyday 
experience teaches us that quite considerable intensities, times and 
spaces rebound from consciousness, so to speak, without making any 
mark upon it, if the attention is mtensively occupied vdth other 
contents. This is of itself sufficient evidence that we regard its influence 
as CO- extensive with the apprehension of all the four sensation attributes. 
But we also believe, in particular, that the indirect sensitivity and 
sensible discrimination are always far moie liable to modification by 
the attention than the direct. A change in the attributes and relations 
of sensations themselves is necessarily confined within certain narrow 
limits, whereas there is hardly any restriction upon change of judgment, 
t.e,j of reproduction At the same time, we cannot admit, — what ha.s 
often been mamtained,— that a change of the former kind is wholly 
impossible. Thus, the statement that attention is incapable of inten- 
sifying an impression, and that the observed change is really an increase 
of distinctness only, is contradicted by the fact that the sensation of 
a loud sound, inattentively experienced, may seem equal (such, at 
least, is the author’s expenence) to that of a faint sound, attentvely 
experienced Again, 4t is interesting to note that the alteration of 
judgment by inattentive observation is always precisely the same with 
the alteration produced by a reduction of the intensive, spatial or 
temporal values of the impressions, except that it is somewhat more 
uncertain {Le., the mean variation ifi larger). This fact requires further 
investigation. 
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4. No less important is the influence of attention upon sensible 
dibcnminatiorij whatever the particular method employed tor its detei- 
mmation (§§ 6 fif.). Here again, the effect of attention can certainly 
be traced in both directions, upon sensation dilteiences themselves 
and upon our judgment about them. An exact discrimination between 
these two effects, though eminently desirable, is at present out of the 
question But it is necessary to emphasise the extent of the influence 
of attention in this connection, m view of the current tendency to 
explain all the facts of sensible discrumnation without reference to it. 
There is really hardly any diifeience which may not pass unnoticed, 
if apperception holds aloof. At the same time, this general condition 
must not, of course, be called upon to explain any special set of 
experimental results. 

(2) The effect of attention upon the indirect sensitivity and sensible 
discrimination brings us to the consideration of its influence upon 
liability and fidelity of reproduction For the application of certain 
judgments to sensations or sensation differences consists psychologically 
in a reproduction of the names subserving these judgments by the 
contents of perception. When we remember the magnitude of the 
influence of attention upon reproductoxy phenomena in general (§ 32. i), 
we shall find it difficult to decide whether reproduction in the state 
of inattention is possible at all. In any case, attention produces its 
maximal effect in the reproductory spheie. Liability of reproduction 
would seem to show more marked traces of its influence than matenal 
of reproduction. But, once more, further investgation is required 
before any positive statement can be made. 

5. (3) The effect of attention upon the feelings is of a quite different 
kind (§39 I, 2, 3?) While pleasure and unpleasantness are brought far 
more vividly to consciousness by the concentration of attention upon 
their concomitant sensations, they disappear entirely when we succeed 
(and we can succeed only for a momentj) m making the feeling as such the 
object of attentive observation. This difference of lesult led us to 
adopt a particular interpretation of the feelings,— that wliich they 
receive in Wundt’s theory (§ 41. 8, 9). The feelings, therefore, form 
an exception to our general rule of the effect of attention upon conscious 
contents (§ 72. 3). All the ^ changes in the strict sense of the term, 
which conscious contents undergo in the state attention presuppose 
Its concentration upon sensations or sensation complexes "br their 
interrelations. But the feelings are the products of the interaction of 
contents and attention. 

(4) We found in our examination of fusion that attention was of 
great assistoce for an^fysis. Indeed, the singling out of a tone fiom 
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a siipple or compound clang by help of the attention constitutes a 
fundamental experiment in the cognition of auditory complexity (§ 47. 

7) (5) And we meet with quite similar phenomena in the sphere 
of spatial and temporal colligation. Thus the perception of certain 
details of a picture or a melody is one of the most familiar functions 
of the attention. In all these cases, consciousness undergoes the 
characteristic change which we term concentration ^ a more or less 
definite restnction of the attention to a certain number of contents. 
What has been called the narrowness of consciousness (cf. § 66. 4) is 
essentially conditioned by the inability of apperception to comprehend 
any considerable number of discnminable contents at one time 

6. It IS plainly this peculiarity of the attention which has led to 
Wundt’s metaphorical distinction of a conscious fixation point and 
field of regard The apperception of a content is its appearance at 
the fixation pomt of consciousness, the perception of an impression 
IS its appearance in the conscious held of regard. The metaphor is 
suggested by the constant relation of fixation point and attention in 
the field of vision (§ 58. 8), Wundt does not mean, of course, that 
apperception is restricted to a single object, still less to a single 
conscious element. The nariowness of consciousness has a certain, 
if limited, range of variation 

An attempt has been made to determine the number of impressions 
which are simultaneously apprehensible by an act of visual attention 
The number is dependent upon the duration, intensity and extension 
of the stimuli ; but also, as can be readily understood, upon the 
interconnection of the separate impressions. This latter condition is 
very difficult of elimmation. It obviously depends upon the liabihty 
of reproduction of a complex whole as such (§ 30. 4). Hence the 
fact that words of four or five letters, can be apperceived almost 
as easily as single letters simply proves that the attention may be 
concentrated upon a complex almost as mtensively as jipon its separate 
constituents, provided always that the complex is definite and familiar 
and, therefore, liable of reproduction m its entirety On the other 
hand, if the letters piesented together do not ‘make sense’, 2.^., if the 
liability of reproduction of each separate impression is approximately 
equal and the complex has hardly any value of its own as an incentive 
to reproduction, the number of letters which can be simultaneously 
apperceived in the time required for the apperception of a single 
impression is reduced to two. Agam, if we have had some practice 
in the analysis of chords, we find it comparatively easy to pass an 
accurate judgment upon the particular tones or clangs which they 
contain. Here too, the total impression hasWbecome associated with 
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a knowledge of the elements which are leqiincd far its pioduction;’ 
the judgment is not based upon an equal distribution of appeiception 
to all the individual constituents of the chord. So that if the degiee 
of concentration of the attention is to be measured by the number 
of contents upon which it is directed, care must be taken to select 
impressions which are equally liable of reproduction and whose juxta- 
position does not give rise to a complex which may lepioduce oi be 
reproduced as such Oui pimcipal criterion of concentiation in every- 
day life, however, is the relative inaccessibility of consciousness to 
other ideas than those which are placed directly at the conscious 
fixation point. Ahsenimt7idedness ^ /.tf., is simply a sign of intensive 
concentration. 

7. Lastly, we have to consider the influence of attention upon the 
temporal course of conscious contents, (a) The quickness with which 
an impression is perceived is proportional to the concentration of 
expectation, of voluntary attention upon it. We have already had 
many illustrations of this rule (§ 66). If a visual and an auditory 
impression are given simultaneously, the visual sensation normally comes 
later, owing to peripheral conditions ; but its retardation may be more 
than counterbalanced under certain ciicumstances by the preference 
accorded to it by apperception. ((?) The rapidity of reaction is essen- 
tially dependent upon the direction of the preparatory attention Here 
again, it is in reproduction that the effect of attention is manifested. 

After this hasty survey of the effects of apperception, we may 
attempt a brief summary of the more important phenomena. It 
must be admitted that the element of hypothesis cannot be wholly 
eliminated. But it seems proper— the feelmgs bemg ruled out, for 
leasons already given — to distinguish between a change of sensations 
and sensation attributes and a change of their reproductory activity. 
All the effects of attention appear to fall undei the one or the other of 
these rubrics Its principal function in the former case is that of intensifi- 
cation, in the latter that of increase of liability of reproduction. This 
statement must not, however, be interpieted to mean that attention is 
a creative pnnciple, capable of increasing the intensity of given sen- 
sations by a certain definite amount, or of qualifying them for lepro- 
ductory functions to which they would otherwise be inadequate The 
determination of either kind of change is purely relative, and the 
result is, therefore, necessarily ambiguous. That is to say, ihe facts 
may be explained on the theory that apperception simply removes 
obstacles which prevent the maximal functioning of the contents in 
consciousness, as well as by the assumption that it positively enhances 
the attributes or acti^aties which are normally predicable of these 
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contents. The former view gives the attention a directly inhibitory 
function, the lattei ascribes to it a direct reinforcement of perception. 
The phenomena can be explained in either way,— except that the 
second view requires to be supplemented by the first, whereas this 
latter furnishes of itself a comprehensive and consistent theory We 
will postpone our decision between them to a later Section (§ 76). 

§ 74. The Phenomena which accompany Attention. 

I. No systematic investigation into the concomitants of attention 
has as yet been instituted. The more physiological processes which 
appear in the train of attention stand in especial need of accurate 
experimental observation and determination There can be no doubt 
that a long list of involuntary bodily changes of varying origin bears 
a characteristic relation to the direction and vividness of attention, as 
it does to the course of the feelings We have already mentioned 
one cunous fact: that the acceleration of pulse which is connected 
with the dominance of the feeling of pleasantness in consciousness 
decreases when the attention is directed upon the feeling itself; and 
that the slowing of the pulse due to unpleasantness becomes still 
more marked under similai circumstances (§ 39 3). The stimuli employed 
in these experiments for the production of pleasantness and unpleas- 
antness were of very different character, so that the results may be 
assumed to possess general validity. Again, we all ‘hold our breath’ 
when we are trying to be more than usually attentive This phenomenon, 
it IS true, is very closely connected with that of listening, ie , with the 
attentive expectation of auditory impressions; and we might, therefore, 
be inclined to suppose that it simply indicated a desire to rid the ear 
of disturbance by the sounds of expiration and inspiration But similar 
phenomena recur in other sense departments. Wherever apperception 
is rendeied more than usually difficult by the faintness or brief 
duration of the impression, or the simultaneous presentation of dis- 
tracting stimuli, the observer does his best to inhibit respiration. A 
pneumographic investigation of this correlation showed that the breath 
was always taken more quickly and less deeply when the attention 
was exclusively concentrated upon definite sensations or intellectual 
operations. The change became more apparent with increase of effort, 
and was greatest under the influence of distracting stimuli. Another 
involuntary consequence of attentive concentration is tire arrest of 
movement of the body or limbs. When we fall into a ‘brown study’ 
we slacken our pace, or even come to a standstill. If an idea suddenly 
seizes upon us with full force, we interrupWvhatever movement we 
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may be making, quite automatically. All these processes point to ^ 
inhibitory effects, biought about by intensive concentiation of the attention, 
upon the motor innervation of muscles whose activity is not implied 
in the attentive act. 

2. Besides these concomitant phenomena of motor inhibition, which 
obviously assist in securing the maximal concentration of the attention 
upon the obiect to which it is directed, there are otheis which possess 
the character of adjuvant processes In the first place we may men- 
tion the probable local hypersemia of definite biain areas whose 
activity is implied in the presence of the apperceived contents. 
This functonal hyperoemia, which is due to arterial dilatation, must 
certainly serve to increase the excitability of the region over which it 
occurs. And peripheral phenomena of the same kind have also been 
recorded. If we hold our attention for some time together upon a 
paiticulai part of the skin, there arise sensations of pressure or tem- 
perature, of pricking, and even of pain, which are localised at the 
exact spot which has been the object of continued energetic and exclu- 
sive obseivation The substrate of these sensations might possibly be 
looked for in the weak excitations constantly set up at all parts of 
the sense oigan, and now biought to consciousness by concentration 
of the attention. But it has been moie plausibly conj'ectured that they 
are correlated with the vasomotor changes which this concentration 
incidentally produces. In all probability the remarkable phenomena which 
have been noticed in hypnosis and, under similar conditions, m cases 
of mental ‘stigmatism* should be referred to the same cause In 
principle, at any rate, it is not more incomprehensible or emgmatical 
that an innocent piece of paper should induce reddening and inflam- 
mation of the skin to which it is applied with the suggestion that it 
is sticking-plaster, or that scars should make their appearance at 
uninjured parts, than that defimtely localised cutaneous sensations 
should be aroused with a far less intensive engagement of the attention. 
We should then have to suppose that centnfugal excitations are pro- 
pagated from the sensory regions pnmanly concerned m the attentive 
act to the peripheral organs with which they are connected. These 
centnfugal effects would naturally show themselves m certain sensory 
changes, as well as m motor. The recent demonstration of the exist- 
ence of centnfugal sensory paths removes the only real dififlculty m 
the way of the hypothesis (§ 9. 9). 

3. Several trustworthy observers have stated that they are able to 
call up at will visual sensations of definite quality and of equal vivid- 
ness with those of external perception. ’ These visual qualities are 

* I have often succeeded ^ making' colours, which I tned to bring vividly to mmd, 
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as a rule quite clearly distinguishable from ordinary memorial images. 
And as in certain extreme cases they have been found to give rise 
to after-images, there can be absolutely no doubt that the peripheral 
organs are concerned in their origination. But the mechanism of the 
whole process is obscure, and it is impossible to decide between the 
various theoretical explanations. In any event, associative interconnec- 
tion must be an important factor, for the effort to see a particular 
colour is at first upheld simply by certam judgments,— spoken, heard 
or merely ideated words, which are adequate to excite the sense organ 
by virtue of their liability of reproduction, as reinforced by an appro- 
priate direction of the attention. " It is clear that voluntary attention 
must reap a very special advantage from the working of this mechan- 
ism For if continued concentration of the attention gives rise to 
actual sensations, the physiological sense apparatus must obviously be 
rendered at the same time peculiarly susceptible to external impressions. 
Hence we can readily understand that vividness and concreteness of ex- 
pectation constitute the most favourable conditions of perception (§ 5. 6) 

4. Among the motor processes which subserve the concentration of 
the attention upon a particular object, the adaptation of the sense 
organs occupies a place of especial importance In a very large number 
of cases this adaptation appears to be altogether involuntary. Thus 
the twitching of the skin which has been observed in experiments 
with pressure stimuli upon the cutaneous sensibility of the blind is 
probably to be interpreted as a movement of adaptation, leading to a 
more exact perception of the impression Again, we often speak of 
‘straining the ears’, when our expectation or attention is intensively 
duected upon auditory stimuli. It is uncertain how far the muscles 
tensor tympani and stapedius are concerned in this state (§ 16. i), 
though it would seem that the tensor is strongly contracted for the 
hearmg of high tones. But the most familiar phenomena are those of' 
ocular adaptation. Not only are binocular movements and positions 
apparently dependent upon their serviceableness for attentive vision 
(§ 58, 8), but the mechanism of accommodation secures the most 
favourable conditions for attention both by voluntary and involuntary 
function. Similar phenomena /recur in the departments of taste and 
smell. The rhythmic movements of respiration, of the limbs and of 
the whole body, which have often been noticed as concomitants of 
attention, are of more^ secondary importance When we are listening 
to a particular rhythm, e,g.^ we are apt to ‘keep time’ by involuntary 
movement, and our apprehension of the time relations of the stimulus 

flash out upon the darkened field of vision Several of my observers m the expenments 
descnbed in § 28 . 2 were able to caU up colour sensatMifis m any required order. 
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seems to be facilitated by this accompaniment. Lastly, certain recent 
invebtigatois have spoken of a pfedisposiiwn of the sensible attention, 
which they regard as partly motor and partly sensory m nature, and 
as manifested in the foimation of a disposition m lower centres to the 
coixect continuation of repeated movements or sensations (cf § 5. 7) 
This phenomenon must certainly be interpreted as an effect of attention 
which stands upon the same plane with the adaptation of the sense 
organs As such, it necessarily acquires considerable importance 111 all 
cases where the reaction upon definite kinds or forms of movement 
or sense impression tends to become automatic by continued practice. 

5. Theie weie two alternative theones of the effects of attention 
(§ 73- l) i there are similar alternative theories of its concomitant 
phenomena. All the motor processes of which we have spoken in this 
Section can be regarded either as adjuvant or as inhibitory The 
former view finds its chief support in the direct reinforcements of the 
attention, whose discussion begins in our second paragraph On the 
other hand, the phenomena enumerated in the first paragraph must 
be classed as inhibitory effects, whatever ideas are entei tamed as to 
the nature of attention itself. Whether the inhibition hypothesis alone 
is adequate to the facts, or whether their explanation requires a 
combination of the two theories, can be decided only in the light of 
introspection. We shall return to the question when we attempt to 
give a theory of attention (§ 76). 

With the motor concomitant phenomena are conjoined certain 
sensations, which thus constitute a characteristic factor in every process 
of attention They are for the most part strain sensations, arising 
from the adaptation of the sense organs and the position of the body 
or limbs; and they aie indicated m the phrases ‘strained’ attention, 
untent’ expectation, etc. They form one of the chief aids in our 
subjective measurement of the intensity of attention and expectation 
(§ 73* 2); and they furnish a sensory background for ‘intellectuar atten- 
tion, — localised, in this case, principally in the head (forehead or back 
of the head). In view of the great variety of sources from which they 
are derived, they must, of course, be regarded not as constitutive, but 
only as consecutive characteristics of the state of attention. They 
stand guard over attention, so to speak, to pi event its too persistent 
occupation with a smgle object, and their growing unpleasantness is 
a warning signal of excess of function in some particular pait of the 
nervous system, which must ultimately prove harmful to the organism. 

§ 75 The Conditions of Attention. 

I. We inust not be«^ understood to mean by the ‘conditions’ of 
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attention the conditions of the state as such. We use the word simply 
to denote the incentives which lead to the appearance of particular 
contents in the attentive state. The question which we have to answer 
here is, therefore, that of the circumstances which attiact the attention 
upon these particular processes. For attention is always alert and busy 
dining the waking hours of consciousness, it is the higher court of 
consciousness, as someone has said, to which comparatively few of 
the processes in the lower consciousness have access.— But we also 
distinguish different degrees of attention, according to the intensity of 
its concentration or the steadiness of its hold upon the various contents. 
We must, therefore, as far as we can, elucidate the conditions of these 
degrees of attention. 

We can distinguish two different classes of conditions, usmg the term 
as defined just now exter 7 ial and internal conditions. The former 
consist of different motor and sensory characters, which give a content 
the advantage over other contents; the latter in the affective value of 
an impiession, and in its relations to phenomena eithei actually given 
m consciousness or contained in its past history. All these conditions 
aic primarily valid for the phenomenon of involuntary attention. But 
they are also of influence upon the voluntary form of the process, as 
is shown in the increased ease or rapidity with which the attentive 
act is accomplished under their direction. And they enable us at the 
same time to explain the relative vividness, the greater or less degree 
of attention in the mdividual case. Y 


I External Conditions. 

IJ § ^ 'rV-' ‘ 

2. (a) Motor Conditions —The interest of psychologist 'in recent 

yeais has largely centied m the motor processes, and a theory has 
been proposed which makes them the essential factors m attention. 
Such a view is plainly onesided and inadequate to the explanation 
of all the phenomena. At the same time, its elaboration has led to a 
thorough investigation of what we might caU the expressive movements 
of attention, as well as of the motor processes which help to induce 
and maintain it It is with the latter that we are concerned in the 
present connection We include under the rubric of motor conditions 
every kind of predisposition of the motor apparatus, whether purposed 
or accidental, for the reception of definite sense impressions. These 
conditions, therefore, border very closely upon certain of the concomitant 
phenomena of attention,— more especially the adaptation of the sense 
organs (§ 74) The difference is, that m the previous Section we 
meant by this ‘adaptation’ a niotor phenomenon produced natuially, by 
way of reflex movement, or voluntaiily, ky a definite attitude of 
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expectation, as a concomitant or consequence of attentive peiccption, 
whereas heie it specifies a condition of the prefeientuil direction of the 
attention upon particular impiessions. Other things equal, e,g,^ the 
attention is more liable to be attracted by the object which accident 
or intention has brought under the motor conditions of cleai vision 
(fixation and accommodation) Some part is also played by the position 
of the body and by other adaptive processes. It may be doubted, 
howcvei, whether these motor phenomena are really to be regarded 
as a special class of conditions, over and above the sensible effects 
to which they give rise We shall, perhaps, be more correct m supposing 
that they are only indirectly conducive to the apperception of particular 
contents, as determining the attributes of the contents themselves. 

3. {h) Sensory Conditions — Under this title we include all those 

attributes of peripherally or centrally excited sensations which give them 
an influence upon apperception, apart from the relations which they 
bear to other contents simultaneously present in consciousness The 
first to be mentioned is of a purely negative character; it consists in 
the absence of other impressions. The more completely isolated a 
sight or a sound, the more powerful is it to attract the attention. 
This observation must obviously be brought into connection with the 
facts of the 'concentration’ of the attention and the 'narrowness of 
consciousness’ (§ 73. 5); and it probably gives the explanation of 
contrast effects (§ 68 7). For an isolated visual or auditory impression 
cat! receive a measure of attention which is altogether impossible when 
it IS accompamed or surrounded by a number of other objects of per- 
ception. And (internal relations apart) a contrast effect, which shows 
itself in an especial facility of apperception of an object standing out 
against its environment, consists simply in the relative isolation of the 
particular impression —The most prominent of the positive attributes 
is intensity Relatively intensive impressions attract the attention, in 
all sense departments alike. It is as if the intensive stimulus 
had power to enter the magic ciicle which surrounds the upper con- 
sciousness. In view of the early appearance of a relation between 
intensive sense impressions and reflex movements in the course of 
individual development, we can hardly question its biogenetic character, 
All the equivalents of intensity have a similar influence upon apper- 
ception Thus the attention is readily aroused by a stimulus of 
considerable extension or duration, even though it be of but slight 
intensity. In the adult consciousness the effect of all these external 
conditions is greatly obscured by the overwhelming importance of the 
internal. Hence it can obviously be traced most directly in the minds 
of children oj animals, where it is least hable to inhibition from within 
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II. Internal Conditions. 

4 (^) Affective Value of the Impression — ‘Interest* is so constant 

a condition of the apperception of a particular conscious content that 
it has often been identified with attention itself. Hence we sometimes 
find it said that attention is simply a feehng. But as an agreeable 
impression holds our attention as strongly as a disagreeable impression, 
from which we cannot escape, while the state of attention may be the 
same in both cases, we must evidently draw a sharp line of distinction 
between it and the feelings Moreover, ‘interest*, as ordinarily 
understood, implies that it is a pleasant feeling which attracts the 
attention to the special content. But there can be no question that 
an unpleasant or painful stimulus, from which we are unable to free 
ourselves, forces its way to the conscious fixation pomt and keeps 
the attention directed upon it Both facts are sufficiently accounted 
for by their relation to the mamtenance and furtherance of life — It 
may be that the effect of intensity upon apperception, which we 
mentioned above, is also explicable by its influence upon the feelings 
(§ 37 - 6 , 7 ) 

iff) The Relation of the Impiession to the Psychophysical Disposition — 
This heading covers the most important conditions of attention in the 
adult consciousness. We include under it (a) the associative relations 
of the impression to the ideas already present in consciousness; ((?) 
its relations to the materials of reproduction, and (y) the relative 
vacancy of consciousness. 

iff) The greater the liability of leproduction which an impression 
possesses, the more readily does it attract the attention. The careful 
observance of this law is one of the chief conditions of pedagogical 
success in education and instiuction. The matter to be assimilated 
must be brought into connection with the store of past experiences, 
whether by its similarity to what is already known or by some other 
incentive to reproduction The whole course of thought is largely 
regulated by the same principle 

5 Voluntary attention also makes use of these associative relations 
for the apperception of paiticular impressions or ideas. And another 
fact which belongs here is that impressions which repeat or resemble 
ideas already present m consciousness are especially liable to attract 
the attention For as they possess an equal liability of reproduction 
(§ 30. 10), they are very likely, other things equal, to oust the given 
contents fiom the conscious fixation point (cf. § 69 5), (j?) In speak- 
ing of the relation of the perceived impression to the materials of 
reproduction, we mean that, identical or si^ailar contents have been 
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previously experienced, and have tluis set up fuiutional dispositions ‘ 
(cf. § 9. 8), which facilitate its entiy into const lousness and into 
the state of attention m the paiticulai case, 'Spontaneous’ ideas 
(§ 30 9, etc ) fall undci this heacL They come to attention by 

virtue of the persistence and vividness of their inatenals of lepiodiic- 
tion, quite apait fiom any other attributes or lelalions. More 
important is the fact that the po\ver of a centially excited sensa- 
tion to attract the attention „ vanes with the level of prcpaiedncss 
(§§ 3 ^* 7) which it has been raised by its psychophysical 

disposition This explains why it is that we can single out an overtone 
in a clang with especial facility after we have previously heard it m 
isolation; 01 that the histologist finds m his prepaiation a number of 
interesting details which altogether escape the unskilled eye, etc. The 
rule can also be pressed mto the service of the voluntary attention, 
as when we arouse the materials of reproduction of an expected 
impiession as intensively as possible, raise them to the highest 
possible level of preparedness. The time required tor this maximal 
preparedness m simple cases appears to be approximately constant 
It has been found in reaction experiments, and in special investi- 
gations into the dependency of attention upon tune interval, to be 2 
to 2 5 secs. (§ 69. 5). (y) The relative vacancy of consciousness is 

the counterpart of the absence of rival stimuli, cited under the head of 
external conditions. The less occupied attention is at the moment, 
the more likelihood will there be of the apperception of the impression. 
All these internal conditions combine and conflict with the external 
in the most various ways. But it is owing to the relative preponderance 
of the internal, that distracting stimuli, at least as employed hitherto, 
do not afford a leliable measure of the degree of attention (§ 73 2). 

6. It would seem that the state of attention cannot be prolonged 
beyond a certain time limit. It is a matter of common experience 
that if an apperceived stimulus persists for any length of time, our 
susceptibility to it soon becomes blunted. Quantitative expression has 
been given to the lime relations of attention in a number of experimental 
researches. These have always employed the stimulus or difference 
limen, since in their case decrease of excitability must mean disappearance 
of impression or difference, and can thus be most easily remarked. 
The results are exceedingly interestmg. It is found that if attentive 
observation is prolonged beyond the first disappearance of the stim- 
ulus or stimulus difference, there is a return of it to consciousness; 
this is again followed by disappearance, and so on,— noticeableness 
alternating with unnoticeableness as long as the experiment is continued. 
In .some cases the phenomenon is approximately periodic, appear- 
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ance and disappeaiance succeed each othei at approximately equal 
inleivals oi lime, but oidinaiily there is no evidence of periodicity. 

The phenomena recur 111 dilleient sense depaitments, and may also 
be obseivcd when appeiccpliua is continuously directed upon centrally 
excited sensations. Hence it is probable that they aie due to central 
and not to pciiphcial causes. The obseiver’s belief that the degree 
and diicction of his attention lemaiii unchanged throughout the expeii- 
mcnttil bcues can hardly be taken as a decisive argument to the 
contiaiy Moreover, the central hypothesis is confirmed by the ob- 
servation that the expeiimeiitee can discnminate veiy positively between 
the subjective disappeaiaiice of a persistent stimulus and its objective 
cessation The rhythm of respiration does not appear to exert any 
cunsideiable influence upon these fliicinattons of the attention^ as they 
aie called; and the changes of accommodation and eye movements, 
which have been made lesponsible for their ongination m the sphere 
ul \isiun, aie in all piobabihty of merely secondary importance It is 
hardly possible, as things are, to give an adequate theory of the 
phenomena. It seems reasonable to suppose that the exclusive di- 
rection ot the attention at a constant intensity upon a particulai 
iinprcsbion cannot be maintained for any length of time, owing to the 
necessaiy inhibition of the othei contents which are crowding m upon 
consciousness, and that it is, therefore, interrupted by intervals, in 
which the inhibited processes secure some measure of recognition. 

I 0 tl . t ' f . t 

§ 76. The Theory of Attention. 7 

I V j l—ir. 1 4 1 Is ( i - i i'J 3 < 

I. The exphcdtion of the special conditions under which a content 
enters into the slate of attention does not carry with it the deternu- 
nation of the essential factors m attention itself In the foregoing 
Section we assumed that there was a general difference between the 
conscious fixation point and field of regaid (§ 73 - ^). 
no attempt to explam it. It is conceivable, of course, that attention 
is nothing else than an increased intensity of sensation; and this view 
has actually been held, more especially by the English psychologists. 
But its icluUtion does not require many words, (a) Accoidmg to 
Wober’s law, the absolute diffeience lunen of intensive sensations is 
greater than that of wealcer. If attention consisted in an increased 
intensity of sensation* therefore, the absolute sensible discrimination 
would be less at a high degree of attention than it is at a lowei 
degiee or in the state of complete inattention. The facts are absolutely 
opposed to this conclusion, (ft Moreover, it is a matter of familiar 
experience that the vividness oi degree of attention is itself capable o 
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quantitative gradation, and that the differences may be distinguished 
from differences m the intensity of sensations (y) Lastly, while we freely 
admit that contents aie leally intensified in the state of attention, we have 
already pointed out (§ 73) that the intensive change is possible only within 
certain narrow limits, and is not adequate to explain the passage fiom 
unnoticeableness to its subjective antithesis, noticeableness. Indeed, it 
m^y be said in general that any mere statement of the changes pro- 
duced by apperception, and of the empirical conditions under which 
a content is apperceived, fails to explain two essential facts that the 
internal conditions, though very much less intensive foi consciousness, 
exercise so preponderant an influence upon apperception, and that inhi- 
bition of motor and sensoiy piocesses may be so complete and far 
reaching. 

2, Another recent theory of attention, of which Ribot is the prin- 
cipal lepresentative, distinguishes ‘spontaneous’ from voluntary attention, 
as the genetically earliest form of the attentive state This rudimentary 
attention is the outcome of the natural impulses and desires; and 
its essential elements are the motor processes which we dealt with in 
our Section upon concomitant phenomena (§ 74). "In a word, the 
attention is simply an emotive state translated into terms of motoi 
energy ” The voluntary form does not differ in kmd from the spon- 
taneous* It is simply later in the order of development, and depends 
upon the emotions or impulses acquired by education. It is a ‘socio- 
logical phenomenon’, developed by the needs and exigencies of social 
life. It IS plain that the distinction is different from that of voluntary 
and involuntary attenton discussed above (§ 72 5). Apart from this, 
however, the theoiy attaches far too much importance to accidental 
conditions and secondary phenomena. ‘Emotion’ means in it what 
we have termed the ‘ affective value ’ of the impression (§ 75. 4). We 
do not, of course, dispute the influence of this factor, but we are 
unable to understand how Ribot can make it the exclusive and ultimate 
condition of the state of attention. The importance of the motor 
phenomena is also exaggerated by the theory. As a matter of fact 
they are either simply expiessive movements, of genenc or individual 
development, on the same level with the analogous processes in emotion 
and impulse; or they serve a subordinate purpose, as reinforcing or 
maintaining the changes set up by the attention. And lastly, it is 
difficult to see how we should distinguish a phenomenon of impulsive 
or emotive expression from the process of attention, if these factors 
were the sole criteria of difference. Ribot, it is true, makes the further 
statement that monoideism, a charactenstic intellectual process which 
corresponds Jo what ’we-^^have called ‘concentration’ (§ 73. 5), is the 
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dtffeyenha of attention. But if this shows that he realises that attention 
IS not simply emotion or movement, it throws his failure to provide a 
leal theory of its oiigin into still stronger relief 

3 An explanation of the attention m purely psychological terms, 
such as has been attempted, e.g.^ by Herbart, obliges its adherents to 
ascribe a determining influence to the unconscious as a psychical 
process, if not to make it the one primal force m mind For there 
can be no doubt that the most essential conditions of the origin and 
maintenance of attention must be sought outside of consciousness. 
The evidence on this point is overwhelming. The force of the attention 
is wholly unintelligible on any other hypothesis, it is a frequent 
experience that the incentive to the preference of a content by apper- 
ception does not come to consciousness, and individual vaiiation of 
the capacity of attention in normal subjects, as well as the differences 
observed in pathological cases, put the assumption of definite physio- 
logical conditions of a central character beyond the range of question. 
We cannot derive apperception itself from any of the conditions, 
known or assumed, of the oiigmation and deteimination of sensations 
or ideas. For the characteristic differences of attention displayed by 
different individuals and in different forms of mental disease appear 
to be in a ceitain measure independent of the penpheral or central 
excitations which we look upon as the conditions of sensation. Idiots 
and dements, e g,^ show an abnormal weakness of attention in all 
directions, a general mcapacity of concentration and insusceptibihty 
to external and internal stimuli. In other cases, consciousness is 
always in a ferment of change, — ideas come and go in inextricable 
confusion, and the patient has no power to direct his thoughts or 
regulate his actions. This state takes on its most pronounced form 
in delirium and mania ; but it also occurs in a less marked degree in 
imbecility Indeed, it is the difference in the atttude of attention 
which has led to the distinction of imbecility from idiocy, as a special 
type of mental disease. Lastly, we have instances of abnormality of 
attention in the shape of an insistence of particular contents, which 
have practically undisturbed possession of the conscious fixation point. 
Hypochondna, melanchoha, and the well-defined illusions of paranoia, 
furnish familiar illustrations of the pathological concentration of the 
attention upon a sipgle object. As all these phenomena are com- 
patible' with the utmost vanety of mental furniture, and there is no 
necessary interference with the ordinary conditions of ideation, peripheral 
and central, we cannot resist die conclusion that they must be referred 
to some specific cause. ' 

4. The first systematic investigation in •‘which the necessity of a 
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special psychophysical theoiy of the attention is iccognibcd was earned 
out by G. E Mullei According to Mullei the piocess of attention 
consists pnmaiily m a centrosensoiy leinfoi cement of peiipheuiUy excited 
oi centrally piepaicd sensations or ideas It is not clear whence this 
remfoicement is derived; but it serves either to intensify a picsent 
excitation, or to increase the disposition or pieparedness for a future 
or expected excitation It may pci haps be conjectured that a special 
cential organ is the centre of the icinfoicing influence But apait from 
the indefiniteness which attaches to this particulai point, the question 
arises whether a remfoicement, a positive alteration, is really to 
be legarded as the fundamental phenomenon in attention, and it is a 
stiong objection to Muller’s theory that it fails to discuss, what is 
certainly not less important, the phenomenon of mhibition. We have 
had occasion to remark in more than one connection that the changes 
which conscious contents undergo in the state of attention, and the 
motor phenomena which follow m its train, admit of two inteipretations, 
one of which accredits attention with functions both of reinforcement 
and inhibition, while the other attempts to explain all the facts m 
teims of inhibition alone (§§ 73 7; 74. 5)^ On the former view the 
sensory and motor changes which we find in attention cannot be wholly 
derived from the nature and attributes of the contents themselves. On 
the latter, the peripheral and central excitations and their relations, if 
they can secure free and unimpeded recognition in consciousness, 
produce all the phenomena which characterise the state of attention, 
of their own power and by their own laws ; and the function of apper- 
ception consists simply in the suppression of competitive activities There 
seems to be no valid objection to this second hypothesis, which is 
certainly the simpler of the two; and we may, therefore, follow it m 
regarding the psychophysical process m attention as a process of inhi- 
bition. The phenomena of voluntary attention might, perhaps, be cited 
in favour of the alternative position For there, it may be urged, we 
surely find a positive preference accorded to particular contents, — 
everything is prepared on the sensory side for the furtherance of their 
underlying excitations, and motor arrangements are expressly made to 
facilitate the reception of the expected impressions. But it will haidly 
be supposed that this motor adjustment has not originated by way of 
associative co-excitation ; and it will hardly be denied that expectation, 
even when voluntary and definitely directed, has been determined by 
incentives to reproduction. There seems no reason, therefore, for the 
assumption that the associative relations, which are certainly involved 
in voluntary attention, are not able of themselves to produce all the 
observed effects. 
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5 If ^ve combine the view that the functions of the attention 
require the existence of a specific central organ with the hypothesis 
that all these functions may be regarded as mhibitoiy plocesses, we’ 
obtain Wundt’s theoiy of apperception m its most recent formulation 
Since a wealcenmg of the attention implies a weakemng of the intelli- 
gence, and intellectual derangement is correlated for the most part with 
an abnoimal state of the frontal lobes, Wundt conjectures that the 
oigan of apperception has its seat in the frontal area of the cerebial 
coitex. The theory finds further support in the growing importance 
of the frontal brain as we rise highei in the scale of organic evolution, 
and in the fact that it stands in anatomical connection not only with 
all the sensory centres of the cerebral cortex, but also with the motor 
region, and with the central organ which ranks next below the cortex in . 
general importance, the thalamus opticus. No other part of the brain can 
lay claim to such universal sigmficance. And so far, physiological investi- 
gation has not resulted m the ascription of any special function to the 
fiontal lobes On the other hand, there is strong physiological evidence 
of inhibitory processes, onginated m a supreme central organ • evidence 
which long ago led to the hjrpothesis that the will is an organ of 
inhibition It is true that the mechanism of the interconnection of all 
these different centres is at present capable of no more than schematic 
representation. But the important point is, that the idea of a physi- 
ological, functional inhibition is nothing new or unusual; that similar 
ideas of the mefficacy of certain peripheral or central excitations are 
suggested by the phenomena of mental deafness and mental blindness 
{§ 27. 7); and that there is no difficulty m imagimng the process of 
inhibition translated mto physical and chemical terms. ^ 

G. E ' Zur Theorte der sinnlicJien AttfmcrkmmM^ 1873. 

T. Ribot PsycJiologie de r attention 1889. 

L. L Uhl Attention , a Historical Summary i8go. 

A. Bertels : Versuche uber die Ahlenkung der Aufmerksamheit 1889. 

E Dliri* Die Lehr ev d. Aufmerksamkeit 1907 

Cf the experimental investigations of N. Lange, Eckener, Pace, Marbe 
Lehmann, m the Plnlos. Studien, also articles in Zeits.f Psychol and Amer. Journ / 
of Psychol 

§ 77. Will and Self-consciousness. 

I. It is usual to descnbe the activity of will as external or internal^ 
accoiding as its aim or result is a bodily movement or a change in 
the course of ideation. Will, />., is regarded as a subjective power or 
capacity to exercise a determining influence upon conscious processes or 
movements of the body. It is plain that a capacity of this kind need 
not be conscious. At the same time, we do nc* ordmanly speak of * will 
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except when we may assume that there is consciousness at least oi 
the result of its activity. Indeed, it is this fact of consciousness of 
the result which furnishes the chief ground of distinction between 
voluntary action and automatic or reflex movement Some psycholo- 
gists maintain, however, that the capacity as such, the power by which 
the willed result is achieved, is a conscious process Such a view is 
more especially suggested by the phenomenon of choice and hence 
we find will regarded as a selective activity, which decides or resolves 
upon some one of various possibilities There thus aiises the further 
distinction of selective and impulsive action. Impulsive action fol- 
lows directly at the hest of a dominant incentive : but the characteiistic 
power of the will is manifested only when a number of actions are 
suggested by reasons of equal weight, and a decision must be made 
in favour of one particular course Lastly, the discussion of the will 
is rendered still more complicated by the question whether the process 
of internal or external voluntary action anywhere contains a third 
qualitatively irreducible element, a specific ‘voluntary act’, in addition 
to the familiar contents of sensation and feeling, the elementary 
nature of which is universally admitted 

2 This last question may be ruled out of our present inquiry 
without hesitation, as we have devoted a previous Section to its answer 
(§ 40). It will be remembered also that when we were speaking of 
choice in connection with reaction times (§ 70. 5) we found no reason 
to postulate a specific conscious act to account for it. There is, it 
is true, one great difference between the choice reaction and the 
selective actions of our practical experience. The reaction movements 
depend upon an equal number of simple and well defined conditions ; 
while choice, as an expenence of ordinary life, and an experience 
which not seldom involves distressing anxiety, either requiies a certain 
amount of reflection, or is partially determined by unconscious incentives. 
But reflection, psychologically considered, is nothing else than a more 
or less complicated senes of reproductions, associatively onginated, and 
possibly abbreviated by the exclusion of intermediary terms (§31 6) 
We have already had a primitive instance of it m one of the complex 
forms of choice reaction (§§ 70. 6; 71. 5). Moreover, the co-operation 
of unconscious incentives to reproduction is nothing unusual; it is often 
appealed to, as an explanation of spontaneous ideas (cf. § 29. 2) 
So that the differences between the act of choice m common kfe and 
the choice of the compound reaction experiment are not such as to 
necessitate the hypothesis that decision or selection is a new and 
qualitatively irreducible process And, consequently, there seems to 
be no reason for the identification of will with choice, or of voluntary 
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with selective action. Hence we may say m conclusion, that as the 
incentives to voluntary activity may be of exceedingly different kinds, 
and as any other internal or external change may be set up at the 
instance of conscious or unconscious incentives, the one phenomenon 
which IS charactenstic of will is the consciousness of the result, the 
end or aim, of its activity. 

3. This hypothesis, however, seems to require further and more 
accurate definition For we may be conscious of the results of an 
action, though we have neither the power nor the will to contnbute 
anything to its execution We will accordingly define voluntary action 
as the internal or external activity of a subject which is conditioned and 
sustained by the conscious idea of its result. This idea, like every form of 
expectation, may be more or less determinate; ie,, we may ideate the 
result quite concretely and unequivocally, or in a more suggestive and 
geneial way, which simply outlines the sphere of activity by which it 
can be attained. We have an expectation of the latter kind in eqm- 
vocally determined association reactions (§ 71. 6). We do not know 
what stimulus will actually be given in the individual case, but we 
have had named to us some general category under which it will fall 
or within which its reproductory effect is to be confined So, too, 
when we are trying to remember an occurrence, or are meditating 
over a problem, the conditions are often the same,— the result of the 
internal activity of the will is given only in the abstract And similar 
differences in the definiteness of the idea of the result may be traced 
in cases of external voluntary action. 

These considerations help us to answer the question of a psychological 
content of will, i e., of what wiU appears to be in introspective analysis 
(§ 32 ‘ 5 ). The idea of the result, which is so important as exercising 
a regulative and determinative influence upon the course of reproduction 
or the execution of co-ordmated movements, can only be regarded as 
an apperceived content Hence, the internal and external voluntary 
actions differ simply in the special quality of the idea of their end, 
and of the processes which follow in its train. We speak of an 
external voluntary action, when the object of apperception is an idea 
of movement This relation of will to apperception serves at the same 
time to explain the ‘power’ which is ordinarily attributed to it (cf. i 
above). 

4. The internal voluntary action is most familiar to us in the form 
of thought. Here again we find an anticipatory apperception, which 
covers a more or less extensive circle of individual reproductions, and 
differs from a group of accidental incentives to reproduction only m 
the consistency , with which all ideas outside the circle are checked 
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or suppressed. Wundt has made this diffeiencc the gioimd of dis-' 
tmction between associative and appeiceptive connections (\\^ 29 i ; iij 2. o). 
Associative connections are formed by the contents themselves, apper- 
ception being conceined merely in its passive form: appierceptive 
connections imply the co-opeiation of the active appeiception, which 
acts upon the peiipherally 01 centially excited sensations by way of 
connection or of disjunction This distinction is intimately connected 
with Wundt’s discrimination of passive and active apperception which 
we have noticed above (§ 72 5) Passive apperception is unequivocally, 
active apperception is equivocally determined. Now there can be no 
doubt that the apperceptive connection may be due to incentives 
which find but fragmentary representation in consciousness, 2 e , which 
are determined by chaiacter, habit, mood, and other resultant influences 
of the whole of the past course of individual development But we 
can discover no good reason for regarding it as a really new form 
of connection, as incapable of subsumption (at least in pimciple) to 
the familiar laws of reproduction. Thought would seem to be differ- 
entiated from the automatic interplay of ideas not by the appearance 
of a specific kind of connection, but simply by the fact that antici- 
patory apperceptions assume the conduct of the coiuse of ideation. 
Wundt himself sees no essential difference between the unequivocally 
and equivocally determined apperception in external voluntary action; 
and we can find no justification for its assumption in the domain of 
internal voluntary activity. 

5. We can touch but lightly here upon the vexed question of the 
freedom of the will The problem centres round two points . the fact 
that we can decide between possibilities, when the various incentives 
are apparently of equal strength; and the judgment, which follows 
upon decision, that we could have decided otherwise than we actually 
did The fact of decision presents no great difficulty to psychological 
explanation* We have only to remember that the reasons which 
introspection or memory can discover for a psychophysical phenom- 
enon are but a small fraction of its actual conditions; and that, 
consequently, a decision may seem to lack incentives, or at least to 
be inadequately conditioned, when it is not so m reality. And the 
subsequent judgment is partly explicable in the same way, since our 
estimate of the possibility of an action is based upon an experience 
wliich includes these apparently unconditioned decisions. Tjieie is 
also the simple logical consideration that the statement of (or aiguinent 
from) the possibility of a phenomenon involves nothing more than the 
statement of (or argument from) its general conditions; and that 
constancy of general conditions may very well consist with the utmost 
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variety of special So that the judgment is not by any means in- 
compatible with the existence of special incentives to the process 
forming the object of judgment, adequate to exclude other special 
conditions in the particular case.— The distinction between self-deter- 
mination and influence from without we do not regard as an essential 
pait of the problem For this distinction, which depends upon a clear 
differentiation of the ego and the non-ego, may co-exist with adequacy 
of conscious incentives ; and need not, therefore, imply any real choice, 
such as IS always presupposed by the supporters of the doctrine of freedom. 

t) The development of self-consctousness has often been depicted, 
and its close relation to that of will rightly emphasised. But the state has 
also a sensible root, in the visual or tactual demarcation of the subject’s 
own body form the external world, which comes with the gradual 
delimitation of objects m space Everything which can be brought 
into connection with the visual or tactual image of the body, as its 
attribute, activity, etc., is then ascribed to the self as attribute or 
function These facts have been greatly obscured by philosophical 
speculation, which makes the self appear as an abstract potency, 
practically mdependent m its final constitution of the sensible factors 
concerned m its origmation. But the language of daily life, and 
a whole number of pathological derangements of self-consciousness, 
furnish conclusive evidence that the visual and tactual idea of the 
body forms one of the most essential constituents in the idea of 
the self. It is not the sole constituent, of course, there is a mental 
content besides the sensible. The mental content varies in character 
and importance with the course of individual development, bemg 
largely determined by the scientific, moral and religious beliefs of the 
subject. It is on this side that self-consciousness is so closely con- 
nected with will. The experience that we are not wholly at the mercy 
of external influences and impressions, but can hold our own against 
them by choice and action, te, the fact of apperception or will, is 
one of the most important incentives to the diffeientiation of the ego 
and the non-ego. And the same fact underlies the epistemolo^cal 
distinction of subject and object We have seen that this distmction, 
in. the form of the twofold dependency of experiences upon external and 
internal factors, furnishes the cnterion by which psychology is separated 
from natural science (cf § i) 

y, Various suggestions towards a thcovy of wtll^ along very different 
lines, may be found in the different psychologies. As a rule, how- 
ever, the object of investigation has been not the will as such, but 
the voluntary action, — and more particularly the external voluntary 
action. The genetic method is most ^ommonly Mowed, 
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voluntary action is derived fiom accidental movements and their con- " 
sequences Thus a child cannot ‘will’ to cat a paiticnldi kind of food, 
imtil it has tasted this same food and executed all the movements 
which subserve the act of eating. Only then can it have any idea 
of a result, the attainment of which necessitates its own activity 
This view appears in Herbart, and has found its chief modem repie- 
sentatives in Lotze and Bam It is doubtless correct in its dcsciip- 
tion of the origin of the mechanical connection between idea of result 
and movement, the arousal of definitely co-oidinated movements by 
an anticipatoiy appeiception implies a liability of repioduction which 
can be due only to long continued practice. But it overlooks one 
essential point,— apperception itself If we do away with the inhibi- 
tory power of apperception, it is difficult to see how any single idea 
of result can lead to a voluntary action. Hence we shall prefer to 
adopt Wundt’s view, which considers appeiception and w'ill as ulti- 
mately one and the same function For the chaiactenstic energy which 
we attribute to will, the energy which makes it the supreme power 
in our conscious life, would seem to flow from one single source, — apper- 
ception, Ail the peculiar attributes of apperception are also prcdicable 
of will, so that will, we may say, is only a special mode of manifestation 
of appeiception. The phenomena of will are thus seen to be referable 
paitly to the laws of reproduction, and partly to appeiception. 
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§ 78. Sleep and Dreams. Hypnosis. 

I. Consciousness does not present a continuous series of contents, 
but is always interrupted at more or less legular intervals, and an 
experience once had is relegated, on the cessation of external or 
internal stimulus, to the spheie of the unconscious, from which it can 
return only under certain special circumstances. Empiiical psychology 
has no occasion to endow this unconscious with any but a purely 
physiological existence We have found only one case which seems 
to contradict the rule: the case in which an unconscious state exerts 
a perceptible influence on consciousness But Tiere we really iiave a 
conscious process, whose sole difference from the other conscious 
piocesses of the time is its impossibihty of separate perception. There 
are two connections in which these unconscious components are especially 
impoitant. those of fusio^^ and attention (cf. § 45. 6). The constituents 



§ 78 . SLKEP AND DREAMS. 


4^1 


of the conscinub field of regaid ia the state of attention generally foim 
an unanalysed total impression ; though any alteration or disappearance 
among them is remarked at once. The ‘unconscious’ in this sense 
lb, thciefore, in reality something conscious, something which contributes 
in noticeable degiec to the psychical processes of the moment. It is 
essentially different from the ‘unconscious’, in the strict meaning of the 
term, of which we can only say that it may possibly serve as an incentive 
to the repioduction of the experience with which it was once conelated. 
In the process of apperception in particular, the number of unconscious 
constituents m the total sum of incentives to reproduction may be very 
considerable. From this point of view, therefore, we may lay it down that 
the whole past history of consciousness is implied in every mental act, 
while we can understand the extent of the power wielded by apperception. 

2. But apperception is also intermittent. The state in which con- 
sciousness appears to be altogether blotted out we term sleeps in contra- 


distinction to the activity of the waking life. The fact of sleep raises 
the question of the conditions of consciousness, ie., of the special 
psychophysical factors which determme the entrance and continuance 
of sensations and feelings in the conscious field of regard or at the 
conscious fixation point Of these conditions we know practically 

nothing. Observations have been made upon sleeping persons ; and the 

physiology of sleep has been investigated, and in some cases an activity of 
the brain in certain directions made out But the results obtained appear 
to be of a purely secondary character, and do not furnish any informa- 
tion as to the actual conditions of consciousness. This is obviously due 
to the imperfect state of nervous physiology. All that we can do, then, 
is to mention the most important characters of sleep, as at present known. 

The depth of sleep has frequently been measured, in terms of the 
intensity of the impression required to produce waking It has been 
found to be a general law that sleep reaches its maximal depth very 
soon (about three quarteis of an hour) after its induction, and then 
grows lighter by very slow degrees. It has also been observed that 
the blood supply and, therefore, the volume of the brain are relatively 
small in sleep, and are immediately increased by any sudden sense 
stimulus This is confirmed by the fact that the relative weight of 
the upper and lower parts of the body is different in sleepmg an 
waking. If the body is balanced in the honzont^ position m the 
waking state, the feet fall when sleep sets in, and the inclination appears 
to be propoilional to the depth of sleep. Sleep can hardly he regarded 
as a special instance of the general phenomenon of fatigue, as it is 
often impossible under circumstances of extreme exhaustion. A theory 
of sleep must, therefore, include a reference to the attention, he 
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impoitance of which for its induction or prevention is well known 
There is no surer means of producing sleep than to tire the atten- 
tion. The effect would seem to consist in a univeisal icciprocal inhi- 
bition of the psychophysical piocesses. 

3. But conscious piocesses are not altogether abrogated even in 
sleep They appear in the foim of dreams^ and aie most frequent m 
the lighter stages of sleep, ie^ shortly before waking. Recent statisti- 
cal observations and experimental researches have served to throw 
some light upon the origin and character of di earns. The older theo- 
ries looked upon them as the result of a spontaneous ideational acti- 
vity and attempted to wnng some deep meaning from them by all 
manner of symbolical explanations. The more sober methods of modem 
inquiry have traced the origin of dreams to the intensive action of 
external or internal stimuli upon definite sensory centres All ideas 
which are not directly related to the particular excitations remain 
inhibited. This is the pnncipal reason why the connection and inter- 
pretation of the dream consciousness are so essentially different from 
those of the ideas of the waking life. There is no will to direct and 
regulate the train of thought, and hence the activities of the sleeper 
whether internal (di earning) or external (sleep walking, e.g) possess the 
character of accidentally incited reproductions. It is a primary symptom 
of pathological excitability that the dream consciousness retains the 
attributes of coherent voluntary thought. It is plain that laws of the 
formation and course of the dream ideas can hardly be laid down in 
any detail. We can say, however, that their vividness, Le,, the near- 
ness of their approach to hallucinations, is dependent upon the absence 
of other impressions, which might orientate or still further confuse the 
' sleeping consciousness , and that there seems to be no departure in 
dreaming from the laws of reproduction which we have found to hold 
in the waking life. Lastly, it is a common expeiience that dreams 
have but a slight effect upon the waking consciousness. This is mainly 
due to the fact that apperception is involved to a very slight extent, 
if at all, in their origination. 

4. We cannot enter here into the detailed results of dream obser- 
vation. But we may devote a brief space to the considciation of a 
cognate phenomenon, the practical importance of which has given it 
a prominent place in recent scientific investigation, — the phenomenon 
of hypnosis. Regarded from the purely physiological and psychophysical 
point of view, hypnosis presents so marked a resemblance in all 
essential characters to the normal states of sleep and dieaming, that 
theory and interpretation must certainly follow the same lines m all 
three cases. ; All the infiuences which serve to bring on sleep are also 
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adciptcd to induce the hypnotic state whethei unifoim and monotonous 
‘.eiisuiy btmiul.iuon, oi a icpetition of assmance or command. It is 
the latter kind of influence, the ‘psychical’ method of induction, which 
IS now chiefly employed for hypnotisation, (a) because it is more 
convenient and less dangeious than the other, and (/?) because it paves 
the way for the subsequent reaction of the hypnotised subject to orders 
given m the same voice, with the same inflection, etc. There are 
diTeicnt degrees of hypnosis, varying between the lightest and the 
deepest forms, just as there are different degrees of depth of sleep 
Light hypnosis resembles a gentle slumber; the sleeper wakes quickly 
and easily, and remembers practically everything which he has experienced 
during the continuance of the state. The deeper forms are character- 
ised by phenomena which can be but raiely observed or produced 
during sleep, (i) The first of these phenomena is catalepsy, a muscular 
rigidity eilhei of particular limbs or of the whole body. In this state, 
the arms or legs lemain immovable in any position in which they are 
placed, and the subject will continue for a long time together in the 
most constrained attitude, (li) The second is what is called somnamhiihsm 
in this stage, consciousness recovers its functions, and movements are 
performed with gieat accuracy, but thought and action are entirely 
dependent upon the commands of the hypnotiser. 

5. To the psychologist, somnambulism is obviously the most interesting 
of all these phenomena of hypnosis. The control which the hypnotiser 
possesses over the somnambulistic consciousness is termed suggestion 
Recent theones of hypnosis make it the principal factor in the ongi- 
nation and subsequent direction of the state. It is undoubtedly of 
primary importance for somnambulism Its effect may persist after the 
abrogation of the hypnotic state, a circumstance of which advantage 
is taken in the application of hypnosis for therapeutic purposes. If 
the subject is naturally excitable, or has become especially susceptible 
by fiequent hypnotisation, the efficacy of suggestion is practically 
unlimited. Every organic function, motor and sensory alike, is sub- 
jected to its mfluence ; and the personal resistance which would be offered 
‘ in the waking life by character, judgment or will gives place to an 
unconditional subservience to the invading power. The wildest il- 
lusions of sense and the most absurd actions are evoked with equal 
ease, and the whole individual seems reduced to a machine, which 
can only be set in motion from outside, 2.^., at the command of another. 
Curious as these phenomena are, they have many analogues in less 
extreme processes of the normal consciousness The authoritative 
influence which certain persons exercise upon those around them, the 
force of persuasion, etc,, are illustrations af facts of th^ same order 
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with somnambulistic suggestion, and diffei from it only m intcnsitv 
and extent The mechanism of all these effects is again simply the 
familiar mechanism of association and reproduction. What the theoiy 
of hypnosis is called upon to explain, thciefoie, is not the existence 
of suggestion, but simply the abnoimal range and powei of its influence, 

6. We cannot here attempt to discuss the various theories of hyp- 
nosis. The older view, of which Charcot was the chief repiesentative, 
was that only hysterical subjects weie liable to fall into the hypnotic 
state. But with the lecognition of the general significance of sugges- 
tion, it has been replaced by a more correct hypothesis (Bemheim, 
Delboeuf, etc.), which regards everyone as hypnotisable, though not 
by any means with the same facility. The physiological conditions of 
the hypnotic state are still obscure, though here again the obseivations 
make it probable that we have in the first instance a derangement or 
functional paralysis of the oigan of appeiception The will of the 
hypnotised subject takes no independent part in the actions which 
he performs The exaggeiation of motor and sensory activity is 
probably to be explained by the fact that the excitability of the 
elements which are roused to function under the influence of suggestion 
is especially great owing to the inhibition of all other excitatory pio- 
cesses. Wundt speaks in this connection of a neuro-dynamic inter- 
action, in virtue of which the energy of the inactive nervous elements 
serves to reinforce the function of the active parts of the system In 
any event, it cannot be wrong to suppose that the more exclusively 
predominant a psychophysical process is, the greater will be its clear- 
ness and intensity. Looked at m this way the efficacy of attention 
famishes an analogy to the power of suggestion. Under normal cir- 
cumstances the attention is hardly ever found to hold sway over a 
definite group of ideas for so long a time together. It may be that 
the phenomena which appear under the influence of suggestion show 
us of what it is capable, if permanently directed with complete and 
exclusive concentiation upon paiticular contents. 
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Published separately 1892. 
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AlisBntmindedness 432 

Abaulute 8611311)16 dihGumviiation 45, 60f, 105f, 
343. 358, S87f, 441 
Absolute tonal Tuemoiy 35, 105 
Abstiaot idea* 206 

Acoommudation 121, 148, 55vf, 357, 359, 424, 
4.15 4.18 441 

AcUoi 270, 400, 407, 409, 415, 443. 440f, 454 
_ see Voluntary action 
Active, Activity 22, 88, 225, 321f 
Acuteness of vision 357f, 361, 363, 365, 372, 
Adaptation 93, 121, 4tf5f 
Aestlietic feelmga see Elementary aeatlietic 
fuelinga 

Affective tone , 35, 227f, 239, 317 
Affective process 235, SS0£ 

Aiter-image ' J30f, 140, 364, 368, 372, 878, 
m, 404, 406, 435 

Atter-image see Memorial aftei -image 
After sensation 85, 91, 92, 95, 129f, 384. 

Alexia 218 

Analysis 19, 59f, 141, 146f, 265, 27Gfi 278, 
282, 285, 2881, 294f, 301f, 304, 311, 31Cf, 397, 
406, 411, 415, 428, 480t 
Animal psycliology 7 
Aphasia 218f 

Apperception 167, 189, 214f, 272f, 280, 428, 
425f, 430f, 432, 488f, 440f, 44$f, 447f, 449f, 
451f, 454. 

Apperceptive connections 189, 280, 448 
Aiithmetical mean: 50f 
Aiticnlar sensation 16, 88, J40f, 157, 162, 248, 
266f, S19, 335, S41i, 847f, 350f, 378 
Assimilation 95, lS7f, 140, 270f, 313, 406 
Associahility* 9 jSlif, 391 
Association 25, 33, 119, 167, 169, 777, 177f, 
189^, 197, 203, 220f, 289, 319, 344, 347, 348, 
373, 398, 400, 407, 409, 414f, 416, 418f, 4m, 
425f, 435, 439, 444, 446f; 454 
Associative connections 189, 280, 448 
Attention 8, 7, 9, 13, 20, 21, 37f, 48, 64, 76, 
107, 100, 105, 167, 173, 196, 197, 5i7f, 215, 
217 224, 227, 258f, 271, 273, 279, 282, 284, 
291 , 294, mi, 307, 317, 333, 340, 350, 357, 
386, 390i, 393f, 401, 405, 428i, 451, 454. 
Attention see Fluctuation of the attention 
Attrihuto 29i, 182f, 227f, 277f, 3S4f, 379, 382, 
389, 391, 397f, 424f, 429, 432, 438, 449. 
Audition’ 34, 97. 101, 135, 169, 386 
Auditory sensation' 35, 96, 102i, 130, J5df, 
161t,lSl, 229, 247, 280i, 317, 850f, S75f, 
388, 393 t 

Auditory stimulus I08i, 387, 410. 

Average difference limen 58. 

„ error 67, 75f 

Beats’ 103f, 250, 257, 281, 892, S05f, 375, 888. 
Beat tone 292f 

Blindness: see Colour blindness. 

Psychical "blindness. 


Brightness sensation 47f, 83, 123, lJ8t, 180f, 
185, 208, S08f, Si3f, 884, 398, 400f 

Cardinal value of sensation; 250. 

Cell see Memorial cell. 

„ „ Peiception cell 

Central organ 81f, 444f 
Centrally excited sensation * 85, 85, 269t, 272, 
279, 400, 413, 426, 440f, 448 
Centie see Localisation centie 
Choice 411, 4l3i, 4181, 446i, 449 
Chord 198, 279, 281, 284, 2981, 297f, 398, 431 
Circle see Coloin circle 
„ Sensation circle 

Clang 88, 1021, 279, 281f, 2891, 2941, 299f, 302f, 
306f, 431, 440 

Clang colour' 101, 104, 281, .85S>f, 293f, 295f, 
319 876 

Clang^elationship 306f 

„ see Compound clang 
Cognition 411f, 416f 
Cold spot 94, 95, 155, 339. 

Colligation 2Jf, 199f, 2771, 33il, 372, .9971, 4811 
Coloui . 113, 177, 229, 240, 247, 257 , 308, 397f, 
417 

Colour "blindness 1831, 313, 815, 

_ circle 126, 811 

„ sensation • 1181, 1841, 176, 184, 240, SOSf, 
SlSl, 884, 4001, 434f 

Coloui' tone 83, 176, 184, 240, 8081, 384, 398. 

„ see Clang colour 

„ „ Complementary colour. 

„ „ Fundamental colour, 

„ „ Principal colour. 

Comhmation tone; 281, 292 
Common feeling 22, 96, 140, 146 

„ sensation 1461, 187 , 217f, 248, 317, 
319, 378, 391. 

Compaiiaon. 208f, 216. 

„ see Difference comparison. 

„ Stimulus comparison 
Stimulus of coinpauson 

Complementary coloui 115, 117, 133, 134, 138, 
314f, 403, 405 

Complication* P7S, 317, 393f. 

Compound clang 105, 110, 253, 281f, 290, 291, 
294, 296, SOlf, 431 

Concentration (of the attention) 68, 160, 213, 
350, 391, 424, 4811, 433f, 438, 443, 454. 
Connection (of conscious elements) ; PQf, 99, 106, 
196, 199f, 8761, 290f, 399f, 407 ^ 

Connection see Apperceptive connections. 

_ „ Associative connections. 

Consciousness : 2f, 279, 881, 394, 423, 431, 443. 
44G, 4501 

Consciousness see Double consciousness 

„ „ Elements of consciousnesa, 

” „ Self-consciousness. 

" „ State of consciousneaa. 

Con^onai^e; 280f, 285, 29^ 296f 
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Oonbtant eiroi :‘57f> 56, 59, 63, 72, 76, 23i, 254, 
25b, J43, 387f, 393 
Contact sensation 88 

„ SCO DouWe contact ^foisntion 
„ Bonao 96 

Contiguity 189, 19Cf, 194, U‘>8 
Contrast 98, 100, 121. 131, 181), 192f, 195, 252, 
264, 279, 316, 400£, 438. 

Cutaneous sensation 16, 30, 34, 35, S7t, 96, 14 Jt, 
1471, J54f, 7501, 317 1\ 3.15, oV?7f, 342f, 3441, 
374, 377, 3S3, 434 

Cutaneous space sense 37, 72, 90, 337, 387 

Deafness: see Paycliical deafness 
Delicacy (of sensible discrimination) 49P, 03, 
69, 75, 78, 106, 127, 162, 358 
Delitacy (of sensitivity) 40t, 63, 75, 77f 
Deptli see Idea of deptli 
Desire 232, 26G, 320, 330 f (longing, etc), 329, 442, 
Development: 17 

Difference comparison 49, 55, 50f, 68, 72, 75, 
105, 121, 154, 162, 164 

Difference deteiinination • 49, 55, 67f, 56'f, 76, 
105, 164, 1G2, 387 
Difference byputliesis* 160 

„ Umen 48, OST, 69, 76, 106, 121,129, 
254, 298f, 358, 360, 364, 375, 440. 

Difterence hiuen see Average dilleieiu e Umoii 
„ n n Lower difl'eience luuen 

n « 1 , Upper difterence Linen 

„ tune 297, 301 

Diffeiencea sec Individual differences 
Diieit sensible discrimination: .92f, ^5f, 53, 73f, 
79 S48 429 

Ducct sensitivity' 84, S5f, 53, 73f, 79, 348, 429 
„ vision* 122, 129, 3oS, 358, 363, 365, 384, 388 
Direction (spatial) 84, 150, 380, 342, 848, 559t, 
863, S66f, 874f, 417 
Direction of judgment* 63. 

Discomfort 147, 149, 229. 

Discnmination 3 If, 411, 423, 416 
Disparate 200, S78, 381, 386, 393, 410 
Dispersion image* 35Sf, 359 
Disposition: 7, 11, 207, 915f, 219,250,251,258, 
S6S, 410, 412, 428, 439i. 

Disposition see Punctional disposition. 
Dissimilation 95, 338, 140, 270f, S13f, 406 
Dissonance: 280f, S85, 294, 296f, 804t 
Distance * 34, 37, 96, 836f, S38t, 341, 349, 353, 
356, 357f, 364, SGSf, 3741 S?9, 402, 404, 417 
Distinctness 34, 884, 860, 391, 405, 410, 484t, 429 
Distraction (of the attention) 38, 40, 259, 340, 
386, 391, 410, 416, 4m, 433 
Double consciousness 2171 

„ contact sensation 89, 319. 

„ image 355f, 360, 302. 

Doubt 257. 

Doubtful judgments* 68, 73. 

Dream: 206, 212, 450, 452 
Diialifam * 4. 

Duration* SOf, 84, 86, 165, 189, 186, 187, 202, 
208, 227f, 230» 288,' 250, 800, 316, 323, 825, 
843, 348, 350, 379£, 8SS(, 387f, 394, 397, 400, 
404, 406f, 4Ilf, 415i, 431, 433, 438. 

Ear: 108f, 149f, 376f 
Effort: 232, SOSf, 891, 425, 488. 

Elementary aesthetiQ feelinga 230, 850{ 
Elements (of consciousness): 19, 31, 39f, 227, 
230, 276f 

Elements see Conneotion of conscious elements 
Emotion 282, 235, 247, 267, 278, 320t, 326, S39£, 
390, 407 , 428, 442f 
Empinam: 351, 370, 390 
Error methods • 52, 55, 64f, 264 
of observatioj;! 38, 


El nil stimulus 76 
„ sec Average error. 

„ „ <’en‘-t'int nnn 

„ „ Estimation on or. 

„ „ Law of oiror 

„ „ Probable error 

„ „ Spate eiror 

„ „ Theory of errois of observation 

„ „ Time mi or 

Estimation diflermii'o see Estimation orroi, 

„ enui 58 

„ value 58. 

„ see Overestiraation 

„ „ Underestimation 

Extentnc projection 377. 

Excitability 31, 39, S5f, 161, 165, 212, 246f, 
250, 2561, 262f, 204f, 272, 323, 434, 452, 454, 
Excitation see Maximal excitation 
„ „ Nervous excitation 

Exclusion see Law of exclusion. 

Exertion 148, 391, 433 

Expectation im, 54, 64, 173, 258, 361, 282, 
,m, sm, 330 332, 390, 393, 895, 404, 4071, 
411f, 416, 421, 432f, 4351, 438, 444, 447 
Experience If, 21, 33, 27b, 334, 422, 451 
Experimental method S, lOi, 33 
Expression see Method of expression 
Expressive movement 147, 214, 2351, 251, 262, 
267, 3m, 437, 442 

Extension 80, 34, 85, 37, 96, 1Gb, 387, 202, 
208, 334, 336f, 341, 349f, 353, S57t, 361, .VbVd, 
369, 374, 379, 391, 397, 401t, 404, 431, 438 
Eye • see Ketina 

„ raeasuroment 77, 253f,S5<Sf, 360, Sd.lf, 372 
„ movement 121, 123, 151, 187, 255, 347. 
3S4f, S57f, 362, 3G5f, 368f, 372f, 435, ML 

Faculty see Mental faculty 
Fall (of sensation) 130, 131, 157, 348, 368, 372, 
380, 384, 387 

Familiarity, see Quality of familiarity. 

Fancy* see Imagination 

Fatigue* 43f, 53, 121, 124, 140, 148, 213, 217, 
258, Sdlf, 282, SOPf, 391, 401, 410, 452 
Fechner’s law 165, 167 
Feeling SOi, 86. 90, 93, 95, 146f, 166, 172, 197, 
Sm, SSoL 264, 276f, 278, 305f, 320t, 388f, 3S9£, 
879, 423, 428, 430, 482, 439, 446, 451 
Feeling (of touch) 22 

„ see Common feeling 

» « I’ain 

„ „ Ploasantnoas 

„ „ Pleasure. 

„ „ Unpleasantness 

Fidelity of repioductiuu: 197, 805f, 421, 428, 
430. 

Figure: 96, 280, 251f, S5df, 358, 365, 

367, 374, 397, 398 

Fixation: 853, 857, 362, 404, 4.31, 438 
Fluctuation (of the attention)* 88, 50, 64, 124, 
441 

Forgetfulnobs: 305i, 210, 210f 
Form see Figure. 

Freedom of the will; 414, 448t 
Freiiuenoy; 202f, 208, 250, 379, 381, S93t, 

„ see Method of Frequency 
Fright; 166, 823, 385, (agitation), .130, 407. 
Functional disposition 328, 440 
Fundamental colour* 215, 138, 187, 81! 

„ table: 66, 71 

„ tone 281f,289,291,293f,296f,304 

Fusion Slf, 128, 141, 206, 277^2801, 283f, 290f, 
302, 304, 300, SOSt, 330{, 383, 371, 372, 378, 
897f, 428, 430L 451. 

Fusion S &0 Tonal fusion. 
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QGoraotrif'al mean, 61. 

Criddiness. UO, ioif, 378 
Giadation methodh 74, 254 
Gustatory 36n«;ation 35, 135, 455f, 157, J6L 

247, 2bh, 316f, 377, 417, 435 

Habitiiatinii 4jf, 54, 63, 258, 261, 803 
ilalluomation . 186, 452 
Haptic a * 96 

hm mouy 241, 258, 281, 285, 29Gf, S04f 
Hoalth 147, 149, 268, 

H.‘at apot 89 , 92, 94, 339 
Hungei 147, 248, 326f, 377. 

Hyiuiuaia 17, 217, 452f 

Idea 2S0, 385, 898, 421f, 424, 447 
„ of depth . 84, 353, 350, Sd9L 361f, 36Gt 
369, 372 

Idea< see Abstract idea, 
n „ Spontaneous idea 
Idioretmal light 107, 123, 133, 166 
Illusion* 176, I88f, 212 

n see Optical illusion. 

Image see After-image 
„ „ Dispersion image 

„ „ Double image 

n n Memorial image 
Imagination 7, 169, 170, 170, l8Gt 
Impartiality 9, 13, 40, 138 
Impression see Total impression 
Impulse 232, 235, 266, 278, S20f, 526f, 330, 
331 442 446 

IncBiitive ’to reproduction 193, 195, 196i, 220, 
279, 374, 376, 439, 444, 446f, 451. 

Indifference point* 93f, 235, 2481, 249f, 259f, 
261, 263f, 271, 312, 388 

Indirect sensible disci imiiiation S2t, 361, 58, 
79, 348, 429 

Indirect sensitivity 34, S6f, 53, 79, 348, 429 
„ vision 123, 129, 139, 363, 361, 363, 
365, 372, 384, 885, 388 
Individual 2f 

„ diffeiences 41, 44, 200, 201, 298f, 
312, 376, 408, 421, 428, 443, 449 
Innervation sensation 2661 
Instinct. 328 

Intensity 291, 35, 48, 108, 113f, 117, 119, 1581, 
1821, 187, 201 f, 207, 227, 229f, 238, 240, 

249f, 282, 283, 28Sf, 308f, 312, 322, 325, 3391, 
346, 348, S73f, 379f, 383, 386, 388, 391, 896f, 
S98f, 400, 405, 407, 4171, 428f, 431f. 4S8f, 441f 
Intensive sensibility 34, 1531, 340 

„ sensible discrimination. 31, 168, 154, 
1581, 398 

Intel val (musical) 104f, 107, 258, 284, 2851, 293. 
297, 801f, 304, 306 

Interval (temporal) 171, 210, 251, 359, 863, 
3791, 382, UBoi, 394, 896, 410, 440. 
Introspection; 81, 188, 448 
Itching. 89, 148, 

Judgment* ae$ Direction of judgment. 

„ „ Doubt I ul judgments 

Just notieoable: 471, 541, 79, 164, 167, 233f, 
380, 383, 3y5f, 892 

Keenness of Vision* see Acuteness of Vision 
Knownness see Quality of familiarity. 

Language 8, 131, 188, 21 8f. 

Law of error 67, 70, 73f 

„ „ exclusion. 209, 446 

„ „ mixture (of lights) 114f 

„ „ relativity 166, 405 

„ „ specific energy (sensory) 821, 222. 

„ see Pechner’s law 


Law sec Weber’s law 

Liability of ropiodm tion A%“f, 208f, 280, 372, 
419f, 421, 425, 428, d30f, 432, 435, 439, 450 
Light 112f 

„ sensation 36 

„ see Idioretinal light 

„ „ Law of mixture 

Limen 34, 243, 429 

„ of relation 59 

„ see Average diffeience hmen. 

„ „ Difference limen 

n n Lower difference limen 

„ „ Space limen 

„ „ Stimulus limen 

„ „ Upper difference hmen 

Limit (of sensation) * 34, 105, 107, 111, 120, 
153f, 402 

Local sign 26, 8441, 3651, 417. 

Locahsation 89f, 132, 141, 147, 150, 152, 222, 
2991, 335, 337, 340, 3451, 360, S731, 899, 417. 
Localisation centre 84, 92, 95, 100, 102, 111, 

17R OOn-P AAK 

Locality . k, sk, 341, 3431, 353, 358, 3591, 
862f, 3651, 870, 374, 3771, 397, 398 
Lower difference limen 58 

Magnitude of sensible disci imination 49, 69, 
74f, 78, 127, 161, 358 
Magnitude of sensitivity * 49, 77f 
„ see Spatial magnitude 
Major 284, 2971 
Mama 213, 246, 263, 443 
Mateiial of reproduction 197, 2051, 216, 279f, 
421, 430, 439f 
Materialism 4, 

Maximal excitation 107, 124, 128, 313, 316, 440 
Mean see Arithmetical mean 
„ „ Geometrical mean 

„ variation 50, 77, 408, 422 
MeasuiabiUty 4, 11, 31, 451, 79, 81, 163, 167, 
233, 366, 389, 428, 432, 436, 440, 451 
Measuie of Piecision d5f, 69, 75 
Measurement see Eye measurement. 

„ methods see Psych opliysieal mea- 
surement methods 
Melancholia 213, 246f, 263, 443 
Memorial after-image 211 
pfill 1fi7 990 991 

I image 85, Jfik, 176, 2S6f, 205, 20^f, 
385, 435 

Memorial method 8, 121 
Memory , 7, 105, 118, 122, 168, 169, 1701, 177, 
208f, 211f, 216f, 389, 399, 414, 417, 448, 453, 
Memoiy see Absolute tonal meraoiy. 

Mental faculty: 7, 22, 231. 219 
, productions 17f 

Method of average enor 64, 751, 120, 127, 
858, 387. 

Method of equal and unequal oases 74. 

„ , equivalents 64, 56f 

„ „ expression 233, ;935f, 244f, 269,272, 

274, 330 

Method of frequency * 380, 382, 386, 388 
„ „ just noticeable differences 54, 57f 

„ „ „ „ stimuli 54f. 

„ „ least differences. 54, 57f , 

„ „ mean gradations . 54, 60f 

„ „ minimal changes: 55, 571, 106, 120, 

162, 340, 358, 387 

Method of right and wrong cases 64, 671, 105, 
162, 182, 840, 887 

Method of supraliminal differences. 54, 60f. 

„ see Error methods 

„ „ Experimental method 

„ „ Gradation methoda. 

„ * Language 
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■MetliotT . ^ee Memnnal mellmd I 

„ „ pjydiophy-.it il iiU‘ luiu'incntinotU- j 

Ofiy ; 

„ , Soiial inctliiMl I 

Motliinls ot modal sensitivity i?7f, lOl, 141. j 

Jliml 3 I 

„ see Soul, Spnit ! 

Mill 01 284, 2.971 ' 

Mixture see Law of miKturo 
Modal sensitivity o4, 56, 57, 67, 105 j 

Modality ♦ 9<rc Sense I 

Monism 4 

Mood 172, 174f, 190, 214, 217, 2.12f, 2il5, 240, 
247, 257, 263, 27b, 3SJ, 3.10, 331, 448 
Movement 36, 144, 1501, 177, 187t. J,th HU, 
3471, 353, S62i, 367, dbS, 372, ;771-, 3'/3, lUOl 
4451, 447, 450 

Movement sensation 36, 141, 145, 346, .V17f, 
3631, 368f, 373 

Movement sec Expressive movemeut 
„ „ Eye movement 

Muscle sensation 16, 88, 99, 248, 355,357, 

370, 376, 390, 423 
IMuscle sense 141, 162, 317 
Miism 104f, 240, 253, 2801’, 285f, 297f, 300f, 
383, 391, 390 
Music sfff Omisonauce 

„ „ l>]s-i(inancB 

„ „ If 11 m on y 

„ „ interval. 

„ « Major. 

« Miiioi 

ITutivism 757, 871. 

Kiuisiia- 90 

Nerve 81f, 91, 94f, 99, 102, lOSf, 134f, 143f, I4R 
149, 150, 155, 157, 215, 2681, 349, 385 
Nervous excitation 6, 10, 31, 51, 79, W7fi llg, 
149f, 159, 165, 196, 407. 

Nome mt, 134, 100, 156f, 16U, 300, 304,317, 

376, ses. 

Noise colour: 376. 

„ pitch: 104f 

Noticeable: see Just noticeable 

Objective, Objoetillcation 21f, 183f, 225, 260, 449. 
Ob^arvatlon* see Erroi of obsei ration. 

„ „ Theory of errors of observation. 

Oiiaetory sensation * 96, 700f, 155, 157, 161, 
181, 198, 208f, 576, 317f S73f, 577, 436 
Optical illusion 254, 3G4f, 370, 

Organic sensation 140t, 167, 76^f, 172f, 214, 
229, 232, 240, 247f, 260, 2GGf, 317, 320f, 32ht, 

377, 408, 425 

Overestimation: 55, 74, 76, 163, 254, 318, 349, 
388, 891. 

Overtone i 104, 281f. 2891, 298f 296f, 302, 304, 
440. 

Pam: 90, 90, 146, 158, 180, 2i2, 247, 269, 272, 
317, 377, 430, 431 

ParaUolism &ec Vsychophyalcal parallolisra. 
PaBRion • 278, 320, B2G, 830, 831. 

Passive, Passivity: 22, 88, 225, 821f. 

Pathology 76f, 111, 133f, 144f, 151, 174f, 190, 
201ft 218f, 210f, 229, 248, 299, 306, 312f, 340, 
342, f{43, 350, 366, 362, 307, 369, 374f, 377, 
435, 443, 449, 453f 

Perception. 372, 399, 412f, 424, 426, 431. 

, cell . 197, 220 
„ see Space perception. 

„ „ Time perception 

Peiiphorally excited sensation 35, <97f, lG9f, 
182, 185, 197 , 202, 205f, 226. 272. 279, 385, 
400, 413, 426, 448 
Pins and needles. 148. 


Pitch \c( Nuiyn pitch 
„ „ Tun il pit lb. 

Pfue stMise <J, ‘>6, oil, "87 
Pliu autnosy Se, 98, lit., Jldf, 227, 22 8 f, 232 f, 
2351, 233t, 24')t, 2191, 251, 2,>>1, 25M, 2t;if, 
2b3f, 267f, 3201, 32i>i, 1 ! J, l.pj. 

Pleasure 20, 110, 220, 252, 2 j 5, 263, 3.30, 430 
Position see Loc.ihty 

„ sensation 145, 341, 347f 
Praitiso 7, 42f, 50, 312, 2S2, .'/02f, 317, 34), 
310, 350, 410, 414, AIM. 

Piecisitni see Movstire ol precision 
Piodispo^itmn iJt, 75, 70, 77, 1621, 203, 320, 
395, IJO 

Prepaiodness 207, 421, 410. 

Proysuie sensation 29, 30, 4S, 50, 57, .59f 62, 
72, 87f, 135, 145, 151, 152, J54f, 157, 100, 
228, 317, dlb^, 337, 342, 378, 363. 410, 117 4,U 
Pressure spot 89, 02, 94, 160, 339, 349 
Primary colour see Piiiuiamental colour 
Principal colour 137, 311 

stimulus see 18lnndard stimulus, 
Piohabl© on or 07, 77 

Procedure with knowledge 40f, 03t, 72, 824, 
312 

Procedure without knowledge iOf, 72, 162, 
174, 184, 324, 342 

Projection see Excentric projection. 
P'lulaphosui. 96. 

Psychical* 2f 

„ hlmdnesa; 174, 175, 221,445. 

„ deafness 174, 175. 221, 415. 

Psychogonesis 17 
Psychology If, 17f, 22f, 449 

„ see Animal psychology 

„ „ Social psychob.gv 

PsyihuphjKical mo.isuiement melhuds 45,52,73, 

„ paialleliam 4, 20, 83, 137, 291 

Psychophysics: 26 

Piiikmje'a phenomenon; 128, 134,137,308,372 

Qualitative sensible discrimination 37, 87, 299, 
300 

Quality. 19, 29i, 86f, 114, 119, 153, 758f, 182f, 
198, 200f, 207, 225, 227f, 229, 231, 232f, 233, 
285, 237, 238f. 240, 241f, 243, 247, 252f, 257, 
263, 2051, 271, 276f, 281, 2821, 307, 317 f, 

345, 348, 358, 369f, 372, 375, 379f, 886f, 396, 
897f, 399f, 401f, 405, 407, 4171, 424 
Quality of familiarity 172 

Bapidity see Velocity 

Reaction ■ 284, 298, 380, 880, 400, 40Gf, 432, 
440, 446f. 

Recognition 168, 770f, 2081, 418. 

Rocolloetion 12f, 773f, 177, 766f, 205f, 303, 414, 
421, 448, 463 
Reflection tone. SOI. 

Relation hypothosis ; 166. 

Relative aenaiblo diHcrmination ; 48, 69f, 121, 
7e3f, 358, 388, 402 
Relativity ‘ 31, 36, 362, 

„ sea Law of relativity. 

Reproduction 33, 80, M, 189, 203f, 252f, 302, 
364, 376f, 385, 386, 400, 409, 412f, 41 if, 416, 
418f, 420f, 422, 426, 429, 430, 431f, 4461, 448, 
450, 452, 454 

Repi eduction . s^e Pidolity of reproduction 
„ „ Incentive to reprodnction 

„ „ Liability of reproduction 

„ „ Material of reproduction 

Beproductivity • 9, 37, 43, 173, 200, 208, Silt, 
218, 391. 

Resistance sensation 145f, 319 
Retina . 47, 51, 123, 136i, 140, 360, 351t 357f, 
self, 371f. 
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lih'iUim 1R8, 203, 240, 2M, 255, 387. 389,392, 
VU,, 4 

Ui f (nt sen-iliun) 277, 348, 3G8, 380,384. 
,JS7, 393 


S ilui.it lull 2 27, n9f, 124f, 139,308f, 316,401, 403i 
Sall-i'uiweiuusnnss 445, il9 
SiMuitiun iW, 25f, 45f, 87, 92, 138, 157, 220, 
JJM, 250, 258f, 276f, 320f, 335, 347t, 372, 179, 
<M'i, 421, 430, 432, 434, 438, 440, 451 

Son iitiun ( in U‘ 338, 3ii)'i 
^ n Vltur -lOnbatiun 

T, p Articular sensation, 

p Aiulitory sensation. 

„ „ Kn^^lituess sensation 

„ p ('auUiial value ol sensation 

„ „ Centrally excited '.enaation. 

„ p Coloui sensation 

„ p Common sensation 

„ „ Contact sensation 

. „ Cutaneous sensation, 

p „ Fall of sensation 

, „ Cnstatory sensation, 

p p Innervation sensation 

p p Liglit sensation 

p „ Luiiit of sensation 

p p Movement sensation. 

„ „ Muscle sensation 

p „ Olfactory sensation 

p „ Orf^anic sensation 

p „ Punpherally eitilcd sensation, 

p p Position sensation 

„ p Pressure sensation 

p p Resistance sensation, 

p p Kise ot sensation 

p p 8iiund sensation 

p p Space sensation 

p p Strain sensation 

,, p Tactual sensation 

p p Temperature hell^atlon. 

p p Teiidinoua sensation 

p „ Time sensation, 

p p Visual sensation 

p p Weight sensation. 

Sense 55f, 96, 278, 337 
p see Contact sense, 
p p Muscle sense 

p p Place sense. 

„ p Space sense, 

„ „ Static sense, 

p „ Time sense 

„ „ Touch 

Sensible Diseniuinatiuii . 31t, 45f, 104, 106,120, 
127, 129, 144, 153f, 25fit, 170f, 198, 208, 227, 
233, 252, 254, 256, 277, 278, 283, 285, 286, 
2991, 304, 30G, 309f, 312, 3231, 338,8421,848, 
3581, .364, 375, 3791, 385, 387f, 898, 400, 401, 
405 , 413, 4281, 430 

Sensible Discnmniation ‘ see Absolute sensible 
discnnunatioii. 


svble discnmniation 

1) n 

dlscrnniuutiun. 

» n 

disniminatiun. 

discrimination. 

siblo discrimination 

discnmination" 

discrimination 

dibcrlmination” 


p Delicacy of sen- 
p Direct sensible 
P Indirect sensible 
p Intensive sensible 
pi^Magnitude of sen- 
p Qualitative sensible 
p Itulativo sensible 
a Temporal sensible 


Sensibility 34, 56, 57, 144, J5Sf, 160. 

p see Intensive sensibility 
Sensitive spot see Cold spot, etc 
Sensitivity S3t, 45f, 123, 124, 129, 139, 153f 
227, 229, 233, 242, 256, 3231, 339, 342, 348 
379f, 335f, 428f, 430 
Sensitivity, see Delicacy of sensitivity, 

„ „ Direct sensitivity 

p p Indirect sensitivity 
„ „ Magnitude of sensitivity 

p „ Modal sensitivity 

Serial method £l33f, 237, 247, 250, 262f 
Shivering 148, 187. 

Sight sec Vision 
Signal 39f 
Silence 107f 

Similarity 189f, 203f, 307. 

Simplicity (of psychical piocesses)- 19 
Skin 61, 30f, 93, 143, 144, 154, 160, 318t, 337, 
344, 347f, 384 
Sleep 846, 450, 451f 
Smell see Olfactory sensation 
Social psychology 7 
Soul, Spiiit. 3, 351, 369 
Sound 34, 102f, 156f, 281, 283. 

„ sensation 86, 283. 

Space: see Direction 

p „ Distance 

„ „ Extension, 

p p Idea of Depth. 

- p p Locality 

g B Spatial magnitiid* 

p erroi 51f 

p limen* 339f, S4sf, 381. 

„ perception 331i 
p sensation. 36, 367 

P sense 9ee Cutaneous space sense 

Spatial Magnitude 336, 338, 343, 348f, 358, 399 
Specific energy see Law of specific enoigy 
Spiritualism 4 

Spontaneous idea 189, 203, 216, 224, 440, 446 

Standard stimulus* 49, 52 

State (of consciousness) 20, 423t 

Static sense 146, 745f 

Stimulahility* 182, 136, 262. 

Stimulus 6, 10, 30f, 34, 42, 44, 46f, 75f, 142, 
144, 158f, 258f, 225f, 233f, 24Bf, 247f, 268f, 
321f, 426, 452 

Stimulus comparison 45, 54f, 75f, 154, 155TB40. 
p determination 45, 54f, 68, 72, 75, 
154, 157f, 340 

Stimulus hmen 4S, 55, 128f, I54f, 166, 440 
p of comparison 45f, 52. 
p see Auditory stimulus 

p p Error stimulus 

p p Standard stimulus 

p p Terminal stimulus. 

Strain son&ation 88, 142f, 206, 303, 323f, 

342, 390, 423f, 428, 480 

Subjective, Subjectiflcation, 2f, 21f, 183f, 225, 
278, 423, 449, 

Substitution 192f, 214. 

Suggestion, 17, 184, 205, 453f. 

Summation tone: 292f. 

Supraliminal 53, 55, 5Gf, 164, 167. 

Surprise* 890f, 823, 325, 332, 390, 395, 407 

Tactual sensation* 885t, 843, 373 
Taste see Gustatory sensation. 

Temperament 263 

Temperature sensation 36, 87, 55f, 147, 155. 
157, 160f, 228, 234, 241, 264, 317, 316, S37t\ 
388, 434 

Temporal position t see Time order 
Temporal sensible disciimiiution, 31, 381, o^S7£. 
. aenaitivitv. 380, 385t 
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Ttmdinous hensition " lt>, ys, 140, 218, 200, 
cH2, m 

Teiinmal slmiulu^ lliSt, 24 J 
„ tiait 127- 

Theoiy i,l, 01, 'J5, ‘)0f, lOlf, lO^f, 118, nif, 
146. 158, 177, 216f, 275t, 250, 2671, 290, .1041, 
3H1, 33J, 343t, JObt, 370, 38it, 3‘iOt, 105t, 
42 If, 441f, 4401, 451 
Theui^ of onors ut obson.ition (t5t 
Thirst 247, 248, 327, 377 
Thought 115, 439, 413, i471, 152f 
Thieahold ut Lnnon 
Tjclcliiig* 89, 2471, 250 
Timhre see Clang < olour 
Tnne see Intoival 

„ error 52, 80, 20*) 

„ order 3751, 3521, 30S, 432. 

„ perception 313, 300, ,i79t' 

„ sensation 30, 396 
„ sense 387 

Tingling 243, 434 
Tonal distance 72 
„ fiisimi 2^51, 315 

„ pitch 103. WJ\ 185, 234, 240, 286, 287, 

383 

Tone 204f, 113, 134, 1561. 101, 176, 185. 2401. 
247. 258, 2S1, 283, 285, JSbt, 28'lf, 2921, 29,51, 
297, 3001, 3031, 3001, 317, 3731, 397, lOO, 

417. 430, 435 
Tone \llisti\e tone 

„ „ Iti it lllIH' 

„ „ ('<ikmr tone 

„ „ Conihiimt iiin lone 

„ „ Ihliereiicn lone 

„ „ rundaniontil tune 

„ B, Overtone. 

„ « Hellecliuii touo. 


Tone iff Summation tone 

Tolil impression 21, 199, 255f, 264. 279, 

285, 288, 2^90f, 29S, 302f, 300, 30b 115, 318, 
319, 321, 331, 370. 397, 399, 131, lol 
T’outh 881, 9b, j/st, 573, 39 9 

Iliunn .Lions 25, 215f, 2l9, pv/, ,J2S, 442, J.W 
Ondei estimation 59, 74, 70, lOi, 254,343,349, 
388, 301 

Unpleasantness 35, 90, 98. 212f, 227, 228f. 
2121, 2351. 2;bf, 2431, 2471, 2491, 251, 2551, 
259f, 261, 263, 267f, e’20(, ..‘261, 329f, 4351, 4 19 
Upper dillereiu Inuen 58, 283 

Vohi,it>- 186. 113, .MS. 1631, 368, 378, ..wn, 385, 
,187, 410, 110, 1191, 421, 4.12 

Vilnvtiou 281, 292 

Vision 30, 34, 96, 97, 157, 373, 378, 885, 

399, 410, 417 

Vision see Aiuteness ot vision 
„ „ Birect vision 

„ „ Indirect vision 

Visual sensation 31. 35, 80, ii2f, 158, 180, 181, 
206, 207, 22Uf, 241, 217, 315, 373, 378. 3S4, 
4051, 434f 

Visual subsUuee 95, 1 il, 1.16, 1371, 3131 
Vuluntaiy action 41, 212, 205t, 32'J, 331, 115, 
iJ7t 

Wulnn’s l.iw 122. 7631, 254, 274, 288,280,289, 
309f, 358, 388, 40.1. 405 
Weight sensation 36 

Will 14, 197, 2iit, 224, 2.12, 258, 3621, 265f, 
3211, 326, 367, 423, 427, 4 15, 445f, 452f, 4fM 
Will see Kieulom iil the will 
„ » Voluntary aetauii. 

I 
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Aut^ell 72 
Aii4otle 

Aioti'inhu lOlf 102 
Aul'oit 110 
Aut'rbaMi -122 

I5aii‘ 25, 222, Olb. 450. 

Baldwin 27, 2b 
Bi'iiuko . 25. 

Berkeley . 200 
Bornhoim 454. 

BorteH 445 1 

Binet ISl, 182 
Bhx 87, 01 
BoLklin; 252 

du Bois-Keyinoiul 102, I4b, 42lJ. 

Bourdon 1^2, 224 
Bralnns’ 240 
Br<»ntanfi 25 
Bruns 75 
Byron , 208. 

Caitoll . 28, 422 
Cliari nt . 454 
Corti* 100, 110, in 

Darwin ; 332, 334 
Dolabarro 140 
Dolboenf: 10b, 151 
Doscartes 331 
Dessoir : 87, ‘»4, 95, 96. 

Dondera : 410, 410. 

Drobiscli : 24. 

Durr. 446. 

Eblunghaus: 28, 178, 179, 180, 200, 202, 208, 
210, 224, S13, 314, 315, 31b 
Eekoner 445. 

Euler: 305. 

Ewald: 152 

Exnor 385, 386, 393, 396, 422 

Fecliner. 26» 31, 45, 52, 07, 69,71,72, 140, 
102, 163, 104, 105, 211, 235, 237. 238, 275, 406 
Fluurona 221 
liViiko: 422 
Funko’ 87 

Clalton* 177, 178, 1S2, 422 
Gau«8 65, {)7, 73, 74. 

Utn^er: 396 
Uiehslei 454. 

Goiaatheidini 92, 94, 143, 115, 14b, 330, 
342, 349 
Golgi* 113 
Goltz* 221. 

GrotonfoU 16a 

Hall 27. 

Har ton stem 24 
Haitle> 1H9 
Hauptmann , 224 

von HelmhoU/ , 32, 101. llO, 111, 130, 187, 140, 
281, 289, 290, 292, 29G, 305, 313, 370, 405 
Henri. 182, 


llmi en 110, 111, 112. 

IlPiluit 2.1, 24, 25, 2b, 189. 195, 196,228 26r, 
278, 30(., 317, 334, 126, 413, 4^0 
llonng S7, 95, 114, 137, 13b, 140, 270, 271, 
313, 314, 315, 370, 179, 406 
llmmaiin 87, 100, 102, 112, 379. 

HiUebrind 319 
Hirtli 379 
Hoffdiiig 27 
Holt/ 404 
Huiuo 189 

Jamos 22, 27, 331, 373 
J.astrow 182. 

Joan Paul 100 

Kampfo 75 
Kant 24, 42() 

KirsLbmann 4i)2, 403, 406. 

Koiiig 2S, 3 1 9 
Krause 91 
von Krios 140, 422 
Kronor ‘ 152 
kulpo 276 

Ladd 27 
Lango, C 3S4 
Ijango, L 42‘2. 

Lango, N 445 
Laura Budgman 16 ’ 

Lehmann IfcO, 2ltS 209, 224, 232, 275, 821, 
322, 332, 333, 445 
Leibniz : S34, 423 
Linnaeus • 97 
Lippa 25, 305, 370, 379 
Listing 352 
Lorenz* 72 

Lotzo 2S, 334, 344, 345, 369, 370, 371, 450 
Ludolf 66 

Mach* 151, 162, 379 
Malpighi 91 
Marbe 445 
Martius • 422> 

Meissner - 91 
Merkol, F 91 
Merkol, J. 68, 74, 422. 

Meumaim 396 
Moynert. 272, 2i3, 214 
MhUoIsoii 454 
Mill, 3 . 25. 

Mill, J S • 189, 1\H) 

Moll 454 
Mosso ; 235, 334 

MAllor, (4 E 52, 54, 69, 72, 146, icri* 179,182, 
444, 445. * . 

Mdiistorborg* 178, 183, 183, 375, 376, 379, 450 
Munk: 171, 174. 175 

Nagel 100,102,152. 

Nalilowrfky 275 

Oelirwall 100. 

Offner; 224. 
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IHi 445 
raiini m, 92, 143 
PfluK'm nil, o'tO, 422 
Pnlenfc 242, iJi 
Plateau lU, 120 
PHto* 17 i 
Projer JTb 

Poikinje 128, 104, 308, 312, 313, 3U, 31o 

Raflcstock 454 
Itpissner 109 
Ribot 224, 412, 415, 450 
ItiohGl 152 

Sacl\s 139 

Scluifoi 112 

Schneider 334, 450 

Schumann 140. 179, 1S2, 396 

Scripture 178, 224 

Sorgi. 27 

Spencer 25. 

Spinoza* 322, 334. 

Spitta 454 
Stemtlial 25. 

StrQmpell* 201, 202, 

atumpf 112, 284, 2vSr), 287, 293, 295, 29G, 2J'>, 
aoo, 304, 307, 373, 379. 

Sully ; 27 

Talbot 120. 
lliiuibci^ SS 
Tisdiur * 422, 

Titcheuor. 6*2, 2T6, 422. 

Trautschnlfit 422 
Ton Tschiath* 396. 


Uhl 4 15 

Valet 91, 143 
Vj.'tordl- 33'). JOO 
tun VintsLbgau 100, 102 
Volk man It 25 

WigtiiM, Kith 17^ 

Wagner, Had 20, 87 
Wait/ 24 

Wcbui 21), 37, 87, lol, 122. 102, 103, 164, 
165, 16b, 107. 16S, 25 4, 2i 1, 2S 5, JHl, 2R9, 

309, 337, 338, 339, 348, 349, 35b, 403, 405, 

411 

Wejgandt 45 4 
Wttmor. 275 

Wolfe 180, 209, 210, 224 
Wolff 23 

Wundt 19, 22, 27, 52, 54, 77, 81, 139, 140,166, 
167, 189. 214, 223, 249, 250, 203, 272. 273, 

274, 2S0, 296, 313, 333, 334, 345, 371 . 378, 

392, 405, 416, 425, 426, 427, 430, 431. 445. 

448, 454 

Young 136, 137, 313, 

Ziegler 275 
Ziohen 27, 107. 

Ziiin 352 
Zdlliior: 307. 

Zuth oi‘) 
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